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LW
The enhanced version of the Decision Analysis Support System 1
(DASS) iv & highly intersctive somputer-aided decision analysis toeel. It 1
|
sutemates the method for determining preferences when multiple and ‘
competing sttributes are involved. Vorth assessment . used as the nedel ;
whick evaluates 2 deterministioc hierarchioal tree struoctore, llllov.l 4
. tisk oan be evaluated by incozxporating risk into the tree or by j
|
conduoting sensitivity analysaes. -
N g The objeotive of this work was to inoorporate the DASS
-
(originally developed by Bruoe V. Morianm) onto x microcomputer using
PASCAL. The second objeoctive was to ezsploit the color graphiocs
capability on the miocrocomputer system for both input and output ,‘
displays. The final odjective was to add ocapability to the DASS by i
oo sdding additional sensitivity analysis modules.
b |

All objectives were met in this work., Additiona] sxploitation of

the computer graphics, as well as some pre-processing of the tree 4

structure are areas suggested for frrtner exploration.
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ENHANCED DECISION ANALYSIS SUPPORT SYSTENM

1. Bactgrouny

Ve, as human beings, are feced with many decisions from the time wo
swate in (he morning until we sleep at night. Many decisions are trivial
in nature, such as which shirt to wear, or which route to take to work.
Others are mote complex; such as which nest job to take or what type of
house to buy.

Catrapolating from the personal to the corporate, decisions have to
be made by individuals ooncerning a military service or a natfonz!
government. Decisions such as whether o( not to buy the MI misstile
system or whather or not to develop nuclesr power arv complex both in
the nuaber of and the wvartability of the factors in the decision. Such
decisions can be made untirely on an ad hoc, seat of the pants basis,
tlthough deoisions so based could be radically incorrect. Thus decision
makers sre sesking methods ané technigques which enatles them to reduce
the uncertaini; tn thelr decivicns as well as providing s comfoitable

stryoture to wark (n. One tachnigue §s decision snaslysis.

4 - .
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Decision Anslysig
. - Deoision analysis has been asvailadle as 2 tool tor decision makers
tor asbout 10 years (Ref 8:4). Decision analysis is defined as:

"... 8 quantitative method which permits the systematio

evalustion of the costs or benefits accruing to courses
of sotions that might be taken in s decistion probles.
It entails identification of the alternative choices
invelved, the sssignuent of values (coste/Denefits) of
possible ocutcones, and the expression of the
probability of those outoomes deing realined.®

Decision analysis looks at a particular way & problem can be decomposed
into tdentifiadle elements, and systematically evaluates the elements in
order for the decision wmaker to clesarly understand the problen end to
actively pursue & solution (Ref 10:vif),

in using decision analysis as & tool ftor decision making, &
particular paradigm is developed for the problem. Credit for the
patadigm, itself, §is generally attsiboted to A. D. Hall of the Bell
Tolophong System, and consists of seven steps: problem defintftion, valou
systen design, system synthesis, system analysin, optimization, decision
saking snd planning for action.

in the problem dafinition, 2 general statement of the current
situation is defined as is the future situation after decisnton
impiementation. In addition, the scope of the prodblem is ezanined with

tegatd to the stakeholdars, their specific needs, major constraints and
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societal facotors. The probles s then partiticned inte celevant
e¢lenents. These olements must be relevant to the stakeholders, that is
the decision maker as well as those who fund the profect. Vhen the
prodlen ie thus defined, ti.e value system design Is inttiated.

In the values sysienm design, the objuotives and messures (ot the

ebjectives are developed. These cbjectivos are otganised into a

HAIN GOAL
18T LEVEL 18T LEVEL 18T LEVEL
8UB-COAL - SU3-COAL . SUR-COAL
2ND LEVEL IND LEVEL
SUB-COAL syBc2Ay

Figuore § Obdjective Trae

hierarchical structure or objective trae with the main goal atop and
supporting goals as vartons branches (Figure l).

Coing dowp the objfo!iva tree answers the question of how ths mitn
goal is to be accomplished. Coing up the objective tree answars the
question ot wkhy a particular goal needs (o be met. Coing lateraijly

through the tree for the same level sub-goal determines what needs to be
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socvomplished to fulfil]l the nest higher goal.

The temaining steps use varfous decision analysis tc. niques te
acrive at a decision and then to implement the dectston. One tschnigque
thot is used for multiple objectives, which 2ay not sasily relate te
specific dritetis and may also be conflicting, is Multiple Criteris
Deolsion Theeory (MCDT). Multiple oriteria deicison theory is further
divided into a Multiple Attribute Utility Theory (MAUT) and Multiple
Objective Optimisation Theory (MOOT). Selection of MAUT ot MOOT depends
primarily on the nature of the problem, policies, and attiidotes.

Moltiple Attribute Utt)ity Theory is defined as:

"A type of dectsion theory; requires the analyst to
elicit prefectence information concerning the attridutes
of proposed alternstive policy of the decision naker;
st1.4zing the deocision makers' preferences, the analyst
forms a scalar choice function (SCF). The SCF is vsed
to svaluate the outcones of the alternatives, score,
and subsequently rank the alternative pojicies for the
decision making step.” (Ref 3)

~ . -

The advantage of MAUT s that the result provides a complete
tanking of the slternatives, howaver. disadvantage~ include subisotiv,ty
in establishing the scalar choice funcltion and the tims trequired tfor

implimentation.

Hultiple Objeoctive Optimisation Theory is defined as:

"An optimigsation method for enumerating 'optimal’

NP RGP WU YU SR e V)
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solutions for alternative acts which extremise a
veotor of performance indioces. The purposa is to
generate 2 non-dominated solution set we oall
pareto optimal which cepresents ‘efficient’
sllocation of resources.” (Ret 3)

The advantage of MOOT is that the only scoring functions with respect te
perfcrmance indices ate necessary. This results in some ‘lno saving over
HMAUT. Howeaver, MOOT only pib{{d’l a partial or incomplete ranking ot

alternatives.

N

N
focusing our sttention to MAUT, we find that MAUT is fucrther

dtvld‘d into two aress: certainty and risk. Under oorklinty, weightis and
values of the attributes are determined exactly. This form of the
problem represents an easily solvable, closed torm solution using the
v:rloﬁl decision tree techniques such as worth assessment.

Risk involves getting the decision maker's attitudes towards cisk
and estadlishing the values of attributes aid alternatives; howaver, in
this case. each value has an sssociated uncertainty factor. Solutions to
this problem are mooh more complex, aithough they come much olono:_to
repesenting the real world. Solutions often incorporate utility
functions to measure the risk adversenass or proneness of & given

deocision maker to determine alternative ranking.

Current Activities in Decistion Analysis

Decision analysis is slowly beiny accepted by the industrial and

governzental community. Decision Support Systems (DSS) delined as:

[P S S S G Gl S il W Sl W A S A

.

PR




\ o tr— - o » PSS

.i:]=;f"3ﬂf'ti?iii

,

4 v vy

“...a computer-basad system (gay, a data base
Bansgement system or a set of financial modals)
which is used personally on an ongoing basis by
sanagers and thejz tmmediate staffs Iin dicaot
support of managerial aotivities -- that ts,
decisions.” (Ref 9:117)

have been grtowing both in the scsdemic as well as industrial seoctors.
DSS are primarily designed to sid in decision making and decision
{mplenentation. Further, DSS loonscl(on the support of decision making
and decision analysis rather than on the system of infotmation flow and
teports (Ref 10:61-63). Emphasis is placed on integrating tha decision
naker {nto the process of decision analysis. A model of the D38 systen
is shown in Figure 2.

Using the computer as a bookkeeper and display generator, the
decision maker can determine the results of s partigular decision or
decisions. The objective of DSS is to provide the decisfion maker a very
complete and flexible mode]l which can be accessed from a tarminal with
out knowledge of programming or computers (Ref 11:38).

In otder to meet the DSS objective many tachniques using decision
snalysis methods are incorporated into the model! base. As stated
earlier, decision analysis methods break down a large problem into
fdentifiatle, smaller, more managable elements which can be dealt with
on an individual basis. This deconposability coupled with the structored

natore of decision analysis makes computeritation of deoision analysis

) ~ U U U WAl U s w e

T R I I I U S Vo ey




g, e e
.

technigues highly attractive.

DATA BasE MODEL BASE
FINANCE STRATECIC
PRODUCTION other DATA MODEL TACTICAL
material BASE BASE
MARKETING MCHT KONT r- OPERATIONAL
SYSTEMS] |SYSTE
PERSONEL external MODEL BUILDING
dats BLOCKS & SUBROUTINES
OTHER i
USER INTERFACS
DECISION MAKER
Figute 2 Decision Support Systems {ket 18:6¢)

Recent work done by Decistions and Designs, Inc (DD1) for the

Defense Advanced Ressarch Projcots hgency had demonstrated on-line

real-time decision analysis models which could (f) pertform

hierarchically based prodability assessments, (1) pecform

Bulti-attribute, linesr additive value function analysis, and (1) work

with standard decision tree Structures (Ref 14:8). However, these
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teohniques were limjted by the language that was used APL), the
documantation of thq ptograms, and the site of the prodlem that could be
snalysed (Ref 14:9). Thus s program package was desired whioh weuld
ftovida a teal-time, user oriented decision analysis system without: the

simitations encountered in the DDI work.

Curtent Research in Real-Time Decision Analysis Systems

A program package was developad by Captain Brooe V. Merlan as a
Mastecrs Thesis for tha Alr Force Institute of Technology. Known as the
Dcoltiou Aralysis Support System (DAQS). The optoctlvcs ef his thesis
were to oreate a program wlich could:

1) be used interactively in nou-lp-cillc hefrsrchical
decision analysis

1) provide sensitivity snalysis whioh could be used in an
interactive dialog ) . .

3) demonstrate some display formats which could be used
to get information to the user

4) aot as a foundation upon which to build a decision
analysis package

$) demonstrate some of the algorthms which can ba used for
manipulating hieracrohioal informatien

6) be dopn-;ntod sufficiently for other prospoottic csers -
to implement and modify (Ret 14:4)
In addition to the above odjectives, another co-objoctive was to
demonstrate the program for use on 2 small microcomputer (Appla I1).

Hictocomputers have the advantage of being highly portadble and very low

“n
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in cost. Another advantage of miorocomputers, and in particxliar the

Apple 11, is that the system is cspadble of color graphics whiak cesld

gcoatly enhanos the uvtility of Jisplays. This capability is net readily
available on lacger machines except at very high cost. Unfortumately,
due to untor..;ablo delays in the microcomputer ascquisition, the bulk eof
the objectives ware met using the Air Force Institute of Technelogy's
CDC 4402 syastem using FORTRAN. However, a program was written for the
2pple 11, using Applescit 1] BASIC to demonstrate luastblllty.‘lul nany
TORTRAN DASS op!logu were Incluoded (inoluding sensitivity), Many

suggested improvemeonts to DASS were cufgcltod by Captain Morian for the

-microcomputer system. One was Incorporating ocolor graphics to the Apple

system through computer structuring (the currer! verrion was lintted dae
to menery restrictions of graphics using Applesoft Il BASIC).
Introduotion of graphics tor displays and intersctions would enhance the
decision maker's interface with the DASS (Ref 18:66).

Another ares of improvement {or the mictocomputer system i3 in the
svea of language. BASIC was selected in the demonstration for the Apple
11 primarily for convenience and lasnguage availability. However, the
language suffers from not being very transferadle tc othat systems.
Since 1979, new standardized complier languages have been made avatlabdle
for miocrocomputers, primarily USCD Pascal). Such s language has two
sdvantages (1) being a compiler, the actual esxecutable program can be
ton with 2 smaller memory, and (1) the language is standardized in the

industry.
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Wetivation for Contined Researoh

Decision analysis requires tools that are flexible, adsptable, and
sasy to use (Ref 9:118). The flesibility and adaptadbility of the tool is
sften mot -oas;rud in terms of the ease in oreating the ;rlglnll
streocture, but rather in the ease of modification to !hnt»strnot'tc;
primasrily in the area of sensitivity analysis (Ret lt:lli):

In addition, as stated earlier, the inoorporation of qtaphloal
representations of decision analysis techniques greatly enhanoces the
understanding of the inpng! of deaistons on the prablem structucs. Alse
the understanding of the uncertzinty ot the a;trlbulou is enhanced.

The use of microcomputers can be of great service to decision
analysis dus to their low cost ard graphics capabilfty. In sddition,
they aze highly portable and not dependent on larger machines fer

operation.

10
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. 11 The Model and Ares of Potential Applications

This section will introduce the model that the Decision Anslysis
Support Sysloi (DASS) supports and the procedure that shoulé de used inm

erder to implement the DASS model.

The Model .- Vorth Aciosclcgs

The DASS models worth sssessment which was introduced by J. R.
Miller 1] in 1967 as a method for determining preferences when multiple
and competing attridbutes are involvod (Ref 10). The term worth oan be
eguated }o other terms such as value or ntlllt;. or any other words
which have a definition of *, . . measure of the desirability of a thtnd

." (Ref 4:161). Worth is not a fizxed value, but varies ascoording o
tndividual praferences. Thus worth ascribed by ;nc individual may be

quite different from the worth defined by a difterent individual.

e P e i e e

. ) Vorth assessment doooiposcl the problen into an hierarchical tres
structure of objectives and sub-objectives. The "root" or top-most node
in the struoture tepresents the main odjective against which alternative

solutions are cvaluntcﬁ. Within the -tree structure, sub-objsotives or

- e awme— - -

goals sre defined to meet the next higher obfective, avontuaily leading

to the main gosl At .the lowest levels of s given branch of the tree

tresides the specific criteria or attributes which are ofthar measured or

ditectly assigned.

An example of suoh an hieratchioal tree stsuoture is shown {n

. -

A AN AR A
o+
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Figute ¢. The overal) objeotive of a thestre sir commander is to

maintain oontrol of enemy ground movement through the use of alir pewer.

The “toot™ node had three subgoals to aid in achieving ths main

ebjective and these, in turn, had sudb-objectives. In this figure, the

Jowest sud-goals were further broken down into greater detail until the

nodes wete ocapable of being measured acoording to the section which

follows.

Relevent features of problems which use worth assessment ate:

2)

3

L}

$)

There are -ulilpln objectives and sssessment sub-objectives
to be oconsidered and arranged in some organised form.

There ate nultipie faciors whoss attributes must be
predicted.

There are nultiple worth connections between the sub-
objectives antd the attributes.

There §is physical intersotion among the attribdutes.

Thete is ofter worth interdependence among the sub-objactives.

(Ref 4:333)

At this point, it should be clear that this model only evaluataes

. deterministic problems where the probability of the attribute or

consequences occuring (or the value being true) is unity. No mechanism

fnherently axists for incloding the decision maker's sttitude towards

risk (Ref 16:35%). However, severa]l asuthors have implemented schemes in

which uncertainty is fac.ored into the weighting struoture of the tree

(Raf 4:170-1) ot have oteated new criteria relating to risk itself.

12
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Azg!zin’ the Model

In applying the moedel, Farris & Sage suggest sis steps (Ref
4:11463-1349). The DASS can beo used to assist the decision maker in steps
feur, and sis.

two, five,

(3) List the overall performance objectives. The list shouléd only
contain those (astors v‘lch ate most important ;o the prodlen at hand.
19 oljooglrco oan be obtained through many approaches (H.cCtl-;a -
1969). Approaches include examination of releavant literature, analytical
study, and eapirical empiricisa. Examination of the literature ocanm
possibly teycal previous encounters with s similar problea. Analytiocal
study includes buildir: a model of the system where variadles of the
problan ecan

energe. Empirical empiticism means to capure ths "thought

process” of people making similar decisions. Another method, which is

gaining use §in government and lﬁ private inéustry s to usoAu “pansl of
ezperts” to obtain the varfous lists of objeotives (Ref 10:33).

(2) Construct a hieratochy of performance criteria. Based on the
objectives enumerated in ;tcp one, detecmine whlchAobjoctlvos are
superior to, equal to, or subordinate to other objectives. The t;:ultlnq
ires structure will be developed with the overall goal or objective at
the top of the subordinate objectives brenoling below. While

constructing the tree, additional sud-objectives or oriteria may be

uncovered and sddad. Miller points oat the purpose is to emplicitly

a e a_ A A e a_aa’ alaa™ o
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state what is intended by or included by & particular abjeotive (Ref
13:38). The resultl of this is to provide a view or piotoral map of the
problen showing the interactions and relaticnships among the

sub-objeotives.

DABS ocan provids assistance by providing graphical tepresentation
of the decision tree (using a wiring diagram format). The decision maker
oan add or delete sub-objectives at will in order to achieve tha desired

tree structure.

(3) Select appropriate physical performance mearures. In creating
the tree structure, the decision maker will hasve & lowest-set of

sub-objectives (a2lso known as attributes or data nodes). These

attirdotes should, as a group, have several properties. Attributes

should be complete, operaticnal, decomposable, non-redundant, and
mininum sise (Ref 10:50-52,14:16-17). In addition, these attridutes
should be able to have som2 physical characteristic assigned to them. In

order to detetmine the cpp;epriatonosn of s mesasura, Sage suggests that

‘it changes in the state of the measure brings significant changes in the

extent ol goal satisfaction then the measure is appropriste (Ref

16:354).

(4) Deline the relationship between attributas and physical

pertformance neasures, that is, deal with the scoring problem. The

previous step dealt with the sxistenoce of attritu’es and not with the
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pacrticulacr vajues. Sooring functions must be established to (t‘llf;tl
the physlicasl oharacteristic into a worth value. Miller cses a set of
seven oconventions that can be useful in estadlishing worth value
functions (Ref 13:484-43). Note that this trensformation is only done
samong the attributes and not the sub-objectives. This is because
sub-objectives are related to the attributes or lower objectives and
their values will be based on the coentridution of the lower level
objectives and attridbutes.

There are many sooring procedures that osn be used to establish the
worth soores (Rev 13:147-187). The DASS was designed to only use the
resulting worth scores (measured from 0 to 100 as opposed to Miller's

scale of 0 to i) as inputs to the tree attridutes.

(S) Establish relative importance within the suboriteris set. Vhen
the tree was originally established in step 2 of this procedure, many
ebjectives were divided into Immediate sub-objectives all contriduting
to the higher (or parent) objective. The problem now is to decide how
suoh eaoch sub-objeotive (or child) contributes to the parent objective.
The resulting welghts ( a measurs of relative inportance) are assigned

to each set of ohildren such that the vum of the weights are unity. One

nethod in assigning weights ts to rank a particular set of children (Ref
16:357-338). Assign & temporary value of one to the most important
ohild. Then estimate how much less important the nezt sub-objeotive is.

Tor ezample, {f Lhe nest sub-obfective Is three-fourths as (mportant as
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the most important sub-objectiva, then zssign the temporasy value of

0.7% to {t. Then rate the third child against the second. If the thisd

child is one-halt as important as the seconl, then the thicd ohild is

8.375 as important to the first and the temperary valua of 0.375 is

4

assignad to the third child. The process centinses until the last ohild

-~
.
t

is evaluated. At that time, all the vo!ghti are then rescaled such that

Ly,

thelr sum is unity. I1f we let b(p) bDe the temporary weight of the most
llpottgut ohild (of p children), the norsalised weight of any ohild |

will be:

Bii)
Notmalised Veight =

B(1) + BC) & . . BD(P) -

The DASS provides the user the cspabiliity to entar the importance
of one node relative to the most important and automatically normalises
the entered weighis. The prograu also allows the user to modify these

weights for & given structure at will.

(6) Adjust the weights to reflect confidence In the performance

neasures. After the waights and values have been established in the

proceeding staps s cusulative wojght oan be established for each nide by
B aultiplying tﬁo weights of ftself and all tts pacents. This cumulative
wrtght teflects the node's contridbution te the entire tree structure. By

auvltiplying the worth scores for each attribute by its cumulative weight-

17
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and then summing the resulting products of all the attributes, a total
wotth score for a gliven altezsative can be established.

A with all systems, all figures or values carry a certain dagree

of uncertainty. One method to desl! with cncertainty is to adjust the

cumujative weights of the attributes Py a faotor whose value is batwaen

5010 (no confidence) to one (certainty). The cumulative weights ars then
te-normallised and the resultant new weights are then used in evaluating
slternatives (Ref 14:3308).

DAfS uses sensitivity analysis to deal with uncertsinty. An
advantage of sensitivity analysis over adjustments is that a particular

sub-objective or stiridbute taking on a range of vaiuves can be exzmwined

Pt glifonpbue- e o S

to cee f{ the altarnative tanking of thy overall objective changes. A

disadvantage is that only one objecotive or attribute can be ezamined &t

s timae.
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$15. Implementation

The main thrust of this thesis was to combine three difforent .
technologies to dclon:ttulu»both the feasidbility and practicality of
amploying tha DASS. Tholo.tochnoloqlnl were -teroeoapnto;s. computer
graphios, and sensitivity analysis. In this section, discussion wiill
center about esach technical arex disocussing both the objective and the

method used to resch the objective.

Hicroecomputers
One objeotire pursued was to install the DASS on the Apple I1I
microoomputer and to demonstrate the microcomputer's capability. As
sentioned ealjer, microcomputers have the advaﬁtaqn of being portabdle.
: In addition, microcomputers ofter advantages of fowot capital investment
(typical systems are under $3000) and lower power costs (Ref 19:77).
The Apple Il was selected because of its prior demonstrated
: performance using the BASIC versjon of DASS and its immsdiate
accessibility. In addition, the Apple I1 had the ocapability of producing
Rhigh resolution color graphics (288 x 191). These features éouplod with
the avsilability of the PASCAL compiler lndtc;(cd than an oxfanuton ot
the BASIC DASS p?ogr;n to be both feasible and doabls.
PASCAL is a fairly new language. It xs‘tho first language to embody

the concep's of structured programming defined by Edsger Dijkstre and C.

19
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A. R. Hoate. The langvage was develoved by Niklaus Wirth at
. Eidgenossisohe Technische Hochschule in Zurich and is a derivative of
I ) ALGOL 40 (Ret 7:tif). The main advantages of PASCAL are in its program
| strooture and its dats detinition (Ref 195).
An implementation of PASCAL, specifically f(or small machines like
]» ’ the Apple II, {s USCD PASCAL developed Dy the Institute of Information
: Sciences at the Unjfversity of Calitornis 2t S8an Diego, under the
direction of Kenneth L Bowles. USCD PASCAL difters from the PAhCAL
E;-~ definod by Xathleen Jensen and Niklaus Wirth tn their PASCAL USER MANUAL

AND REPORT primacily in the areas of (ilol and input/output operations.

-Q: In the PASCAL version of DASS, one ditference dhat was used in USCD
PASCAL was the use of random acocss of data files (Ref 17:151). The
largest difference, though, was in the use of segmented ptoccdutes.

Segnented procedures allow a large program to be divided into

snaller pacrts which are then entered into the computer memory as they

are needed. This process is !lﬂillI>Q° overlaying found in FORTRAN. This
option sllows for a computer compiled progrzm to be several times larger
than the intrinsic computer memory which results in more processing and
display capadilities. In sddition, segmented procedures are advnn\&éa:ul
because the variables common to 2ll procedures are jmmediately
available, & fact which ts not readily available in other schemes in
program chaining (for example, BASIC).

In the developaent of thovonhanood DASS, segment procedures wera

created along the lines of mxjor program options such as creating the
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treea struoture (option SPA) and losdine attribute values and
sub-objective weights (option WVC). In all, sizx segment procedures weres
used out ol.thc seven available which allows for some future expansion

of the DASS. .

Computer Color Ciraphics

The second objective whioch was pursued was to exploit color
computer gresphios, in particular, the color graphios availadble to the
Appla 11 PASCAL system.

The field of computer graphios ;s a new, ;apldly developing tleld.
1ts chief advantage can de summed up by the old Chinese provorb_o! "one
picture is worth a thousand words®. Approzimately eighty 2ercent of
information that is remenbered is recieved thtouqﬁ visoal stimuli (Ref
1:1046). In addition, the hul;n mind is the bol\luvallab{c pattern
recognition computer. This co;plcd with the tnc(.\hu! graphic formats
convey quantitative datas as patterns in physical space, the human can

: assimulate Jarge amounts of data to make decisions (Ret 6:182). In faect,

graphical rcﬁrosonta!long of data is used to olarify trends, identify
the magnitude of trends, facllitate comparisons, afd in retentjon, and
, focus attention on the signiticant nspcct; of the informatian (Ref
2:24).
A two phase o!iort was used to achieve the objective of color
computer ,raphios. The first was to enhance the graphical presentations

in the original varsion of the DASS (Ref 14). These presentations were
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primarily found Iin the display and sensitivity modules of the program.
The second was to :dd new graphio displiays. These displays were in the
area of imput, prlicrl!y the hierarchical tree itself and In assigning
woxth values to the attributes. Belore discussing these phases in
datail, some general comments need to be made concerning the color
systen used. .

Colors available to the Apple II PFASCAL system were crange, violet,
blus, gtean, anéd white as wull.ln the bletgt;und colur of blaok. In
order to maintain consistency thiougbout the program, a unique color was
assigned to each alternative. Thus the first alternative was assigned
color orange, the next violet, and so on. A legend relating celers to
altetnatives appesced on each graphics figure whioh contiined the
alternatives. This provided the user with an l-iodlnl; reference. A
second use cf the legend was to provide information when, in futvrs
versions of DASS, the graphics display could be printed dirsatly ts a
black and white printer (Reasons for not.using & color printer {s
primarily cost (Ref 4:189).

Improving Existing Displays. The original version of the DASS used

s)lphanumeric charaoters in drawing the graphs (Ref 14). This was decavse
the computer {ht! the vriginal version was run on did not Ahave an
available, interactive graphics oapability. In sddition to the use of
charsoters in graphs, clternatives were labelled by alphabdetical
ehltlctott_(\hnl I"." A represented the first slternative, B the

second, and so on). In the enhanced version, the alphanumertis graphs

2
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wett teplaced with lines and slternatives were colored and l.pt.l‘;(.‘
by lines or bars. An asppreciation of the differencas can be seen in
Figucres 4 and §.

Regarding the Cisplay tor the sensitivity analysis, very little wase
neeaded to llpt;vc the display. As can bo'lccn in Figure i, changes wete
to labal which type of con;ltlvlty analysis was used (only one type of
anslysis was possible in the original versfon. Ses the section on
sensitivity analysis). In addition, note that the objective/attribute
intormation is present in the newsr display. The original version did
aot have this information with the graph; however, the analyses was
normally done at a printing tersinal whioch tc;otdod all sppropriate node
in»formation used in the sensitivity analysis.

Vhile the display for the sensitivity analysis changed very littie,
the display for information regarding a node changed greatly (Figure $).
In the improved version, a wiring diagram was emplojed. The reascn for
using ; wiring diagran was that d;clston makers, especfally military
dacision mskers are used to seeing hierarchical structuraes in wiring
diagran formats as in organisational charis. In addition to the wiring
disgran, individual color bars were used to denote the valuas of each
slternative at sach sub-objective. The bars provide, st a glance, »
comparison among the u(nrn;tlvcs. The bars were drawn vertically ss
cpposed to any other direction becafuse lines Jdrawn vartically represent
the most accurate and the most orisp representation of the dats based on

the Apple computer elactronics. In sddition, the wiring diagram (boxss

13
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snd wires) was drawn in green in order to improve viewing.

.Addlng New Dispiays. Displays that were improved in the enhaneed
vearsion of the DASS were oriented towards the output of the program. In
addition, attention was directed towards exploiting color graphios on
taput. The ohlilonoc of using graphics lof input is to b; tlexible and
tobust to users crrors as well as plo!or;lly displaying the input dats.
Two areas were identified as candidates ftor this type of display. They
vere the hisrarchical structure itself and the worth valuss of the
attridbutes,.

In the original varsion of the DASS, the hierarchical trese was

input one span at a3 time
the pacsnt objactive and
In the enhanoed version,

s tree diagram where the

where the computer would display the title of

the usar would enter the immediate descendents.

the same information is asked tor, but thcough

user Iinputs the title of the descendents

(Figure 4). As can be seen in Figure éa, the parent objective is at the
top of the wiring diagram with a box for the first desoandent. As
innsdiate descendents are addéed, new bones are drawn awaiting input
(Figure éb,c). Vhen no more descendents are to be sdded, the program

asks for descendents of the first sub-cbjective (Figure éd), and so on.

Again, the wising diagram scheme was used to provide a setting that
would be comfortable to the user.

Tor entering worth values, the oriqginal version of DASS appraised
the user of the previous alternative values of the attribute and asked

for the new inputs. This method of input [s not bad, especially when
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esing wotth tunotions to transform a measvie suoh as (Jsllacs and hewurs
I inte werth values. Howaver, when a direot worth estimate needs to be
sade for an attribute, a visusl ocomparison oan be usetul. Henoe tha
digplay shown In Pigure ? was deavaloped. As can be seen in the figure,
i the surzont valwe of the alternstives sre presented both numerically and

_ ia dar graph format. The user then inputs the new vaiue {n the box at

the bdetiem of the screen snd wpon completion, the somputer oconverts the

altermative’s coler. Thus the numerical input values are transformed and

spatiaily displayed as an aid in valuo.!nlcrprotltlon.

VALUE: A(BORT S(ACK E(XIT N(EXT (ESC)
NRK 3 2 SURIVIABLE o i
OLD VALUES NEW VALUES ’
. oo ___
o ALTERNATIVE Fo4
OLD VALUE $0.00
NEV VALUE

Pigure 7 Attribute Value Input Display

b1

™
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entry inte a bar and places it under the NEV VALUES area, in the ot
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Adéitional Bensitivity Modules
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The thiré area incorporated into the DASS program was to provide

-

additional capability in the intersotive sensitivity analysis. The chiet

advantage of the vsiginal DASS was the fsot the sensitivity analysis

<.

could be done in a real-time basis (that is, while the user is at the

LV I

console). In fact, the major drive tor all decision support systems is

- v u
T

to give the user immedizte anxwars to "what (" type qu)stlons‘(aclz

T

4:182,3:34). In the original work, any objective or sttribur> »<le could

b

he varfed on the basis of its oversll Qonttlbytlon to the hierarchiecal
struoture (Ref 14:Frogrammer's Manual:2-4). The resulting changes in the
valua of the "root™ node for the alternatives gsrovided an indication of
how sensitize the incumbent best alternative would be if the overall
“strength” of a pu:tl;ulat objsctive varied.
. As one oan easily guess, the types of "what if" questions can be
i both intinite in number and eztremely difficult in complexity. However,
two additional “"what (f° areas were investigated in addition to the
cunulative weight model precented in the original and enhanced versions
ef the DASS. They wers (1) what happens to the alternative selaotion 1t
the relative weight of a particular node changes value among Its
llbllng'!} and (2) what happens to the alternative selection if the
value of an alternative changes for a particular tttribute?

Sensttivity of Ralative Weight. WVhat we are examining is the ohange

in alternative values at the "root" node based on a change of a relative

20
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weight om a span anywhore in the tree. Note that the “root” node is the

- evetall objective of the tree struoture.

In performing the analysis, we need to look at how the values of &
node i9 ocalowlated. Note that for any node, the value of sn altsrnative
for that node is just the sum of the products of saoh immediate

desocendent alternative value and its relative weight or:

VALUE(PARENT NODE) = E RELATIVE VEICHT(DESCENDENT) ®*VALUE (DESCENDEINT)
all

immediaie . (D]
descendents

Thus we oan say that a change in the relative weight of any node
will only affeot the value of the parent node. In addition, note that
the value of any node is only dependent on its ;wn inmediate descendents
and not on the relative weight of the node Itsolf. Therefore, in _ f
ezanining a change of the relative wieght of a2 node, the new alternative
values of its parent need to be caloulated and snbstltnt;d for the
incumbent values of the patent. This substitution will.then atfeot the
value of the "rout” node.

Substitution of the new values into the “ro:t" node, fortunately is
ltrllgh!-fotuardi Note (hl{ the value contribution of any node to the
"stoot” node is just the product of its vulue multiplied by fts

oumulative weight or:

30




NODE*'S CONTRIBUTION TO THE ROOT NODL = CUMULATIVE WEICHT(NODE) ¢
VALVUE (NOLE) 3
Since the cusulative weight of the parent is unchanged, the change

i in the value of the parent can be added to the "root® node or:

NEV VALUE(ROOT NODE) = OLD VALUE(ROOT NODE) -

(CUNULATIVE VEIGHT(PARENT) ® OLD VALUE(PARENT)) o
(CUMULATIVE VEICHT(PARENT) * NEV VALUE(PARENT))
- £33

A questlion here arises as to how to distribute the remaining
selative waight to the node's siblings. An sarbitracry rule was made to
keep the relative waights of the sidlings at ;ho snn§ proportions as wss
in the incumbent situation. For exampie, et us Nave ghtoo objeotive
nodes A, B, and C. Let each of these ocbjscotives have the relative
weights of 0.7, 0.2, and 0.1 rcgpocll'oly. If we change the relative
weight of A from 0.7 to 0.8, then noede B will have a relative waight of
0.133 and node C will have a relative wealght of 0.047. 1f we varisd node
A from 0.7 to 0.6, node B will have 8 relative weight of 0.247 snd node

€C 0.133. Note that the ratio of the weight of B to € is unchanged in all

(BEEKAR
« .
i

a0
o

Thus the overall! procedure in esamining the affects of a change in

T
ik

s relative waifght of a glicn node on the “root” node is:

(1) Piok a naw relative wejght of the node to be exanined.

3

- . - . . atg TR O Sy vay )

e e (0o S

[ =8
[ SO

[T s




- (2) Redistzidute the remaining relative waights (that is one
II minus the relative picked in step (1)) smong the node's
siblings.

{3) Reocalovuiate the value of the node’s parent using the new
telative welghts selected in steps (1) and (2) using

. squation (13. Nots that the values a2t the node and its ) ‘
m siblings are unchanged.

jff : (4) Boudstitrte the new value of the parent node in place of

e its old value at t!» “root™ moda vusing equation (J).

sy
. Mtha w——

Sensttivity of Attribute Vajug. The objective in this senitivity

enaiysis i{s to examine the effect of varying an attribute alternative *

valie on the "root® node.
In this analysis note that varying a value of an alternative does
not affect the values of any other asltecnatives (independ . -ze anong

slternatives). In addition, note that changing valuas does not affeot

the tree structure in either *the cumvlative or relative weights.
Thetefore, a change in the "roel” node can oocur only for tha

alternative varied and then by the smount of the cumulative wafght of

the attribute or:

P © HEW VALUE(ALTERNATIVE,ROOT NUDE) = OLD VALUEIALTERNATIVE,RQOT NODE) -

:ru_ CUNJLATIVE WEIGHT(ATTRIBUTE) s

f INCUMBENT VALUE (ALTERNATIVE,ATTRIBUTE) o

2

F;: CUNULATIVE WEIGHT(ATTRIBUTE)

NEW VALUE (ALTERNATIVE,ATIRIBYTE) (el
- l "
; Note that varying the value of an alternative for an sttritute only h
¥ affoeots the value of the "toot” node for that alternative and the values
1
4
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of the "root™ node for all other alternatives are uachnncid.
Thus the przoedure in sxaming the effects of changing an

alternative value for a given attridbute is:

Select a new value of the attribute for a ﬁlvan alternative.
(2) Caloulate the new valus of the "root” node for the
given alternative using equation (4]. All other

alternative values for the "root” node will remain

senohanged.
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1V Esmanmples

Two problems using worth assessment were evajuzted using tho DASS.

The lolléwlnq foew paragraphs disousses esch of the applications.

Tritium Production Peoblsy

The first problem dealt with determining the best produotion
technique to davelop trittum. The group studying the problem was unsure
as to which of four alternatives (3 different modifications or a2 new

facility) would be best based on several competing objectives.

A ter some discussion, the group decided that the prodiem could
best bde decided using the worth assessment procedure. They decided on an
hierarchical strocture shown in Figure 8. Basead on this partiocular
structure, the group developed weights and values for all applicable
E ‘ nodes. At that point, the Nierarchical system was enterad into the DASS,
and evaluated.
The resulting vajlue for the overal] objective (3EST METHOD) is
shown in Figure 9. The figure shows a consolidation of all nodes inte - ‘
-tho total line in the figure.
Based on these results, quastions were raised regarding the -~
sensitivity of each sub-objectives immediately descendent to the overall
objective namely: cost (COST), production methods (PROD METH), techniocal

risk (TECH RISK)!, time (TIME), and public reaction (PURB REACT).
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e ' BEST NETHOD

n FACTOR - IN-CORE OUT-CORE SHIELD NEV PLANT
COST 77.00 86.02 87.48 6S.00

s PROD NMETH $3.00 $3.40 33.48 100.00

5 TECH RISK 75.93 27.17% 71.60 80.40

T TINE 83.753 $5.55 76.5% 24.00

- PUD REACT 43.20 43.10 63.9% $8.10

TOTAL 6.5 70.40 $1.3% .74.m
Results for Tritium Produotion

Figure 9

Thus a sensitivity analysis on the c;nn!atlvc weight wcrc‘oonduétad
using the DASS program for each of these nodes.

The results of the gensitivity analysis indiottcd that changing the
emphasis on cost .x~t ¢.36 to 0.350; or production factors from 0.43 to
0.40; or time from 0.14 to 0.20 ohanged the resuvlt of the Dest

alternative from a new plant to one of the modifications. However,

changing the emphasis on techniocal risk or time over the entire range of
ocumvlative weights tor these sub-objectives did not alter the selection
of the best alternative. Tharefore, based on the sensitivity of the best
solution, especially with regard to cost, production factors, and timse,
sdlitional analytical investment should be made to insure the acouracy

anrd stability of the entered weights and walues.

Advance Weapon System Selection

The second problen dealt with determining the better of two new

competing weapon systems for strategic attack. The team studying this

13
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.. particular {dentified two competing sub-objectives and therefore decided

to sse worth assessnent via the DASS.

-
i

After discussing the problem, the study team developed the

|
-
\
y

oo

hiavarchical tree structure shown in Figure 10.

IBEST SYSTEM
0.4__1_ 0.6 1
- CosT EFFECTIVE

. l
- 0.3 | 0.7—1L
:_-_ - : TIME ON TGT TGT NEG
i . Figure 1D Advance Weapon System Tree
- |
5 i Based on this stryctare, the team then determined the appropriate

weights and values and entered the data intoc the DASS program with the

tesults shown in Figure 11,

t BEST SYSTEN

f FACTOR SYSTEM 1 SYSTEM 2
; . COST 85.00 55.00
‘; SFFECTIVE 64.00 71.5

- TOTAL 71.40 64.90

figese 11} Results f{or Best Advanced Systeas

- Based on these resulls, questions again were raised ss to the

3”7
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sensjtivity of the best alternstive (System 3) (f the weight of oost
(COST) varied. Using the DASS, the sensitivity analysis showed that
fiystem 2 would be preferred it the ocost were to be redvoed ia impertance
from 0.40 to 0.20. Thus additional effort to furthear defina the walghts
esed in this struoture may not be ftruitful,

An additiona] question was raised ss to the effect of varying the
selative importance of time on target (TIME ON TCT) to its sibling,
numbar of targets negated (TCT NEC). The rescits, ullnd the DASS,
indicated that System I would be the preferred slternative regardless of
what the relative importance was between these two nodes. Thectefore,

further refinament of these weights would not be meaningful.

8
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V Conclusions and Reconmesndations

Many objectives were pursued in this resesrch. These objectives
were the lnploloututhn of the DASS on a niorocomputer, the use of - .ox
computer graphics for input and output displays, and the ld#lttoa of
sensitivity ansajysis modules in the DASS itsell. These obtooitvcs will
be addressed individually. At the conoclusion of these comments, a list
of recemmended extensions to this thesis will be presanted.

The first conclusion that can be drawn ts that the DASS oaﬁ be
adapted ;o s microcomputer inoluding ocomputer graphics. Prior to this
work, DASS was implemented on a micorocomputer, but was unable to use the
microcemputer’'s graphics cavability. This work implemented the DASS and
was able ;o provide graphios support. In addition, options not availadle
in the microcomputer program, displaying 4 node and pruning the
hiecarchical tree were installed undcf this enhanced version of the
nhss. These acoomplishments were primacrily due to the uso‘el'n compiler
Ianguage, PASCAL, which ensblad the program to be executed {n a much
suiller memory than the previous version. In sddition, the use of
segunented procedures enabled the program to be exesouted successfully
even though the ptogrni.hts nuch latqer'thtn !ho_actuul eolputot.nnnoti.

N second conclusion is that computer qrcphic; does enhanca the
output of the DASS. Color graphics provided additional wisval emphasis
to those tiguraes dlisplayed in the original version and new insights to

those graphics modules added. The use of colored bars in many displays
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allow the user to interpret numbers, at a glance: a job graphiocs dess
best.

The third conojusion reached is that sensitivity analyses aboat
node's relative weight or an ajternative attribute value can be
accomplished. in fact, the sensitivity analyses in !h.l.'ltlll were
tairly stralght forward. Facts that made the probdlem strajght (oxncrd'
wate the assumptions of the worth assessment model concerning linear
lddltlvlty, attribute value independence, and oconstant lltglnui rate of
substitution (Ref 14:19-20).

Vhile this work made advanoements in oombining technologies
releveant to decision snalysis, muoh further work needs to be done. Five

aress ate recommended. They are:

t Creating worth value funotions to transform measures into
worth values. The current program only accepts worth
values.

. * Enhancing graphical displays. Additional graphics could be
’ sdded to the program in the area of nulti-node displays.

t [mproving node reference nomenclature. This could bde
done by examining the merits of the node reference number
system used to identify a particular node as opposed
to possible vser oriented method (such as the title of the
nodes themselves).

t Extending the sensitivity analysis to two or more
objectives/values and provide graphical support.

t Czamine the merits of audio inputs and outputs in the
- DASS.

In concjusion, deciston analysis is coming of age and new

40
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technologies such as microcomputers and color graphios are becoming
tesdily avallable. The future holds a Coudble ohallenge for those whe
dare: to provide answers to questlons which ate couplex, vague, and
diffieult, and to present those answers fn ;hn most meaningful way 2o

the decision maker.
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Glossary

Note - the glossary will refsr to the following ezample
tree hierarchy to demonstrate some of the concepts defined.

A A

1 !
ccmema- , AL o--- AB
! ! ! :
AN AR AAR- === AAB ~-- AAC
1 1 T
Cemccecencaca- _ AAAA - AACA -
! ] !
AAA  AAB AAC
] '
AAAD AACA

(tree stroocture) (data gtructure)

The Sample Hierarchy

Backiink - this is a data structure concept. The node which procades s
node in the data structure Is backlinked to that node. In the
sxanple, node (AA) is the backlink to aode (AB) and node IA)
is the backlink to node (AA).

branching node - a node (or objective) which has at least one
’ descendent . :

cell (or node racord)

- rofecs to the block of data asroclated with &
node .

DASS uses cells to store the pointers and the data for
sach node. The pointars stored are the downlink pointer, the
otosslink pointer, and the backlink pointer. In addition

[T VU G Wy
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Clossary (cont)

information relating to the node such as the node d1git, the
relative weight, the comulative weight, and ail altarnative
valwes ate located in a ocell.

ohildren -~ this is a concept of hievrarchies. The children of s node ate
those ~Modes whioch are one level down (rom that node. In the
, example, nodes (AA, AB) ate children of node (A) and nodes
(AAA, AAB,AAC) aro‘chlldron of node (AA).

ctossiink - this §s x data structure concept. The first sibling nede
which is adcCed after a node is that node's crosslink node
(crosslinked to that node). In the exsmple, node (AB) is the
crosslink to node (AA) and node (AAC) is the croslink to node
(AAD) .

cumulative weight - (his is the weight of a node, relative to the root
node. This is & measurse of the conlribution of the node to the
entire hierarchical structure. The comuviative weight Is equal
to the product of the relative weight of the node andé the
cunaglative weight of the parent (the cumulative waight of the
"root" nodes is unitty).

dats node (also attribute) - 2 node which has node descendents.
descendent -~ 3 node which comes after a given node in the hjerarchy.

depth~ffrst scarch - a synthesis ot data and logic structnre conce~ts. A
depth-first search traverses a ttee by:
(1) adding new levels fiost (tf possible)
. (2) then visiting the crosslink nodes
f;‘ ’ A depth-first traversael of the exanple would vist the nodes n
; the following order:
A AA ARA  AAAA AAB  AAC  AACA B

lavel - this is refars to the deptl, the node ts ftonm the “rrat"” node.
" For example, node (A) is s Jevel | node; node (AAAA) is a
leve] 2 node.

node - thias is an element in the hierarchical o~ data structure. All the

ca Rk af ot o ahataPat
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Glossary (ocont)

elements in the example are nodes. With regard to worth
sssassment, nodes can be objectives or sttributes depending on
thelr position in the tree.

node digit - is the nﬁlbcr which states the position of a2 node on its
span. In the eazample, the node digit of node AAB is 2. The
node digit of node AA is 1. The node digit of AACA is §.

node tefecence number (NRN) - the vector which points the path through
the tree from the top down to a particular node. Each node has
2 unique NRN. The NRN is made up of node digits. For saoh
level down, an additional digit must be added to identify a . v
node. for example node (AAAA) has a NRN of 1 1 1 . Hods 7
C(AACA) has an NRN of 1 1 3 3. Node (AB) has an NRN of 1 2.

parent node - this is & concept of hierscchies. The node directly in
line one level above & node is the parent node to that node.
In the example, noda (A) is the parent of nodes (AA) and (AB).
Node (AD) i3 the parent of nodes (AAA), CAAB) and (AAC).

telative weight - this is (ht.lnportancc of the node relative to its
" siblings. These weights have the value between zero and one,
and the sum of all siblings of 3 particular parent is unity.

toot (or "root™ node) - this is a concept of hierarchies. The root node
is the top most node in the hierarchy and reptesents the
overall objective of the hierarchical structure.

sibling - this is & oconcept of hierarchies. Those nodes whizh have the
sane parent node are siblings. In the example, nodes (AA) and
(AB) are siblings as are nodes (AAA}, (AAB) and (ARAC).

span ~ this is a comcept of Nierarchies. This term is associated with
any given set of sidlings. For ezxample, nodes (AA) and (AB)
are on a span. -

value - this is a concept of worth assassment. Value is the worth of a
Reasure o! a2 particular attribute for a given altarnative.

e e e = - e e o . . —
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QVERVIEW

The Decision Analysis Support System (DASS) was originally
developed by Bruce V. Morlan tc provide user oriented sutomated support
to‘daotslon analyses where 2 deterninistio, tinear additive, and
hierarchical decision structure exists. This version of the LA%S was
specifically written for use on microcomputers, in particular, the Apple
11. Machine requirements for running the DASS is 64K memory (Apple II)
and at least one 5 1/4 inch floppy disk drive. In addition to those
functions available in the original DASS system, additional features

have been added. These features include expanded sansitivity anlljstl

capability and computer color graphic displays.
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1. GAPARILITIES AND LIMITAIIONS

Zvery software tool has a set of capabilities and limitations. The

DASS is no axception.

Capabilities
The DASS is capable of analysing a decision analysis structure
which is deterministio, linear additive, and hierarchical in nature.
The program allows for the use to input interactively the tree
structure, relative weights and attridbute values through the use of
vacrious program options. The input is enhanced through the user of

computer generated graphics. Further, the program anto-atloaliy

caluclates the cumulative weights of all nodes (also known as collasping
the tree), and determines the composite value of the "root” or overall

, objeotive node as well as ;li interaediate nodes based on the attributes
in the tree structure. The system also allows the user to interactively
asosrtain the status of any node. In addition, data are graphioally
displayed and incorporate color for quick data examination and
evajuation.

The most important faature of the DASS is the ability to conduot

intertactive sensitivity analyses from a variety of perspectives. The
tirst perspective is with regard to t%a changing of the cumulative

weigkt of a node to the overall heirarchical structure. The second is to

- -~ . -
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evaluate the effect on the selection of the best alternative given
pertebatic of the relative waight of a node among its siblings. The
final pers, rotive is to sxamine the effect on alternative loiootto-

based on ochanges in value for s glven system attribute.

Limitations

There are several limitations that are assocliated with this system.
The limitations are a;sootltod with both the mode!l being impleaented and
the -achgno on which the model is being implenmented.

One model limitation is that the entries for the attribute values
sust be in terms of worth. That is, the -app!ﬂq of the attridbute
measures to the worth value have already taksn place. .

Another model limitation is in the bnilo assumptions of the linear
additive function used in the model. These ulluiptionl ate attridute
value independence and marginal rate of substitution. These assumptions
are especially critical when ;ondno\lnq sensitivity unaly;oa.whcn lazge
deviations are made.

An additional llﬁitatlon with regard to. the attribute values is
that they all must tollo; 2 "more is better” philosophy (that is, the
higher the value the boétcr) or & "llil.ll batter” philosophy }thn lower
the value the better). -

Machine limitatioris are due to the memory constraints of the Apple
systen (our lny.nlcroprdcas!ot sy;‘:n for that matter). Thus the

following restrictions should be observed:

I
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MAXIMUM NUMBER OF KODES: 13100
~ MAXINUX NUMBER OF LEVELS: 9

MAXIMUM NUMEBER OF SYSTEMS: §

MAXINUM NUMBER OF NODES ON A SPAN: §

In addition to these "opsrational™ limitations, that is limitations

when tunning the program, thare are other limitations concerning the
number of separate data sets. For the DASS program only thrae (3) datas
sets oan reside concurrently with th; DASS progras when running a single
disk system. 1f mors than a single disk system is used, the second disk,
which could be used as strictly a dlgn disk, oan conl;lu up te 11
separate dats sets, each set mesting the numerical limits specified
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1. NPT

The term “"input” refers to all data which is put into the program.
Input comes from two sources: (i) user's interactive responses to
program questions (prompts), and (1) previously entered and stored duu~

from disk filas. When DASS requires any input from the user it will

write » prompting message to the console.

Program Control

The program is controlled by user responses to questions or by user
selaotion from a menu. Selections are made in one of seversl] ways: (1)
using a three character mnemonic, conoluding by depressing the RETURN
key (selecting 2z major option), (2) using a single letter to select from
s table of sub-options, (3) by pressing the Y or N key in answering
yes/no questions posed by various options.

Each major option is discussed brlg!ly in the following flow
section concut;ont with 2 simple exanple. Conplete discussions are found

in the OPTIONS seotion.

Conventiong

In the discussions to follow, all computer input and output is
oapitalized, except for output vartiable values, alternativa listings,

node referenos numbers, and option names, in which case they are

LI AR T RIS U B Cte e o e
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separated >y less~than and greater-than signs ( (zxzzm) ).

Tersinelogy
This program has some speciflc tarms with regard to the tree

sttucture snd elements within it. These tores are defined below. The

teader is urged to refer to Appendiz A of this thesis.
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111. PROGRAM FLOV

The following discussion of the use of DASS is built around the
hierarchy shown in Figure 1, which was alsc used in Captain Morlan's
work.

In the heiraschy shown, the question that is being answered is
“which of the available systems (F-4, F-15, and F-111) should we deploy
to a forward base?". The attribute that we wish to determine is "the
best plane”, which has bean described in terms of the remainder of the
tree. At the point when we begin to use DASS, we have a struoture
(tree), tentative weights for each node and vaiucs tor each alternative.
The values for each alternative have been normalised to fall b:éwt-n the
values of 0 and 00 for each attribute (the bottom-most node(s) on a
given branch). In addition, the values are eonsistont. that is to say,
that the estremes for all nodes mesn *he same thing (in this ocase, all
dats nodes with la-ge values mean that the particular alternative is
very good- more is better) (Figuce l);

Vhen the DASS program begins executing, OPTION SEL (ses (SECTION 1V
for details) is lu!onntléully executed. Typing NEW to the question as to
whether the file name entered is 2 new ftle or not will result in
OPTICNS ATT, TTL and SPA to be automatically executed.

Opticn ATT prempts the user to enter the characteristic that the

attribute volues will have. Any antry sta:ting with an R will be treated
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BEST ACFT
.14 0.29 0.97
PERFORMANCE SURVIVABLE COMBAT
8.3 0.7 0.43 0.43 0.14
HI ALT LO ALT AIR-AIR AIR-CND RECCE . ]
Value
-4 45.0 10.0 s0.0 $0.0 Se.0 $0.0
F-15 80.0 10.0 80.0 0.0 30.0 10.0
F-111 30.0 $5.0 40.0 20.0 0.0 60.0
Figure 1 Sample Tree Structure

as "less is better”. Otherwise a2 “"more is hatter” situation among the
attributes is assumed. The thing to remenber Is that all data entered
aust bDe consistent with the charaoteristio entered.

Opticen TTL asks the user to enter the title of the upcoming data
struoture. This title will be subquently used as headers for various
displays that are avajilablie in the MAIN MENU part of the progran.

Option SPA enables the user to then enter the tree structure. This
option enabdbies the vuser to guickly enter the tree on a node-by-node
basis, entering descendents to a2 given noda. The option uses graphical
displays to aid the user when entering the descendents.

At the conclusion of the SPA option, the user should ezecute the

i ———
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E. . REV option to insuce that the tree structure inserted under SPA (adove
[ : 3
L pavragraph) is what is desired. If variovs nddes need to be ejther

fnserted or deleted, the optizns MOD (lor adding nodes) and/or PRU (for 1

deleting nodes) should be used.
Vhen !hl‘Ul.t ts 'atls!lod-wllh tha tree structure, the user ghould .
then exzecute option SYS in order to ento; the altnrn;(;vos (systens)
that are to be oconsidered by this tree ;!tﬁcturo. . : . 1
Nest, the user will need¢ to use the WVC option to input {h; various

2 telative weights of descendents on 3 given span, and to input the valces J

. of the data nodes. After entering th-.approprlnto weightis and values,
the tran sheuld then be calculated in order to determine the :;elative

5
P -
[ rankings of the alternatives under consideraticun.

Atter eziting the WVC option, the use: will more than likely want _ 1
to examine the results. The progran has two main methods to .coonp{lsh
this. These are options DIS and NUM.

Optlon NUM gives s numerical review of some or all nodes in the
data structure. Along with the relitive weights and cumulative weights
of 3 given node (and node refesence number), the values of the
alternatives (either antered or calculated) will be presented. The
review can be routed to either the printer or the console (monitor).

"Option DIS gives a r.vigw, but only for 2 specified node and that
node has to have descendents. Information given in option DIS is similar
to that in option NUM; however, option DIS qlv;s the added option in

providing a graphical display of the node and its descendents.
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One of the most important aspects of the DASS system is its
capability te provide sensit, .y analysis. The sensitivity analyses
that are avatlable with this version of DASS allow the varfation of tho
cumulative woight for a oarticular rode, the variation ot t.e relative
weight for a particular node Qlth relation {o its siblings, and thg
vr.fation of the vajue of an alternative on a data node. It is through
sensitivity analysie that portions of the tree structure can be singled
out for further investigation. In addition, care ~ust he taken in
performing sensttivity analysis on the cumulative weights due to the
natute of the hcir;rohy. That is, all parts zre linked together. Changes
}n one area may impact assijned values in appezrently unrelated tress.

Another optlon'thlt is available to the usar s STA. Tanis optien
provides current data concarning the tree structure which is ne:essary
to insure ageinst exceeding ghc capacity of the various data files
generated by this progranm.

The final opticn, and the most important, is the DON commané whiok
allows the user to elegantly exit the progrsm. This progran sequentially

closes all open fileas and returns control to the disk systea.

Deleting old tiles

Curtenit limitations of the DASS system, only allows for three data
sets to exist on a sirgle dugk (see LIMITATIONS). Thut the time will
come that the user will want to deletes old files to make room for new

ones. In addftion, given a very long length of time, the user may forgat

R




the titie of some f{iles and would then have to resort to getting a naw
disk ot re-entering the data files. The toll#wtnq gives a very brief Dut
complete discussion as to how to remove or get the names of old tiles.

Vhen in the Dlsg Operating System (DOS) mode, depress the | key.
You will be ln‘(hc DOS mode when you just turn on power-to the machine
with the DASS disk in the disk drive, or after exiting the DASS program
via the DON option. This will tnvoke the FILER program whl;h
sccomplishey all disk operations. Uhgn executed, tpc éousolo will
display a ltnq of charaet2rs which are varjous options available to the
FILER progranm. -

The first option that can bde executed t; done by typing !..Thts
invokes the directory list comaand which will display all diskfiles that
3re on the disk. After pressing the E key, the computer will respond
with DIR LléTlNG OF WHAT VOL ?. At this time enter an asterisk (*) and
dopro;s the RETURN key. The ros;lts will be similar to that shown in
Figure 2.

The first column indicates the names of files curreantly on the
disk. Those files which end with SYS.DATA or NODE.DATA represent the
d;tu sets for various tree structures which begin with the tirst three
letters preceding SYS.DATA or NODE.DATA. It th; user were using lil,
names whsn executing the DASS program less than three letters, the
Jetters X will be used to fill in the space botwceﬁ the user entered
(ii;nano and three charag!orn.

In order to remove 2 data set, depress the letter R. The conmputer

10
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will respond with REMOVE?. The user should ther enter the fils name that
is to be removed (o.Q. ALPSYS.DATA) and conclude by Sepressing the
RETURN kay. The computer will then respond with a verification message
and the user should rrspond by depressing ¥ for yes or anything alse for

no. In either

LEE}: :

SYSTEM.APPLE 32 2¢-Jul-?? ¢ Data
SYSTEN.PASCAL 36 4-May-?79 38 Data
SYSTEM.MISCINFO 1 4-May-79 74 Data
SYSTEM.FILER .28 24-May-79 7> Code
SYSTEM.LIBRARY 46 10-Nov-80 103 Data
SYSTEM. CHARSET 2 14-Jun-79 149 Data
DASS.CODE S¢ ?7-Jan-81 151 Code
ECHSYS . DATA t 27-00t-80 207 Dats
ECHNODE . DATA 23 7-tan-8t 208 Dats
ALPSYS . DATA i 7-Jan-B81 231 Datas
ALPNODE. DATA 23 7-Jan-81 237 Data
BETSYS.DATA 1 ?-Jan-81} 155 Data
BETNODE . DATA 23 7-Jan-81 2546 Data
{ UNUSED » i ] 27y
$3/13 files, ) unused, 1 in latgest

Figure 2. Directory Display

case, control will be returned to the FILER program. Note that if data
sets ara to be removed, both the SYS.DATA and the NODE.DATA must ba
semoved (e.g. ALPSYS.DATA and ALPNQDE.DATA). IN ADDITION, the user nmust
exeoute the K option (compress the disk) in order to make room for
subsequent files (the file structure for this computer dictates that an
unused disk space bigger than QhQ.(lXQ size be available in order to De

abie to nruate a new files under DASS). The vuser oan do this by

i1
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;; . depressing the X kay and respond to the subsequent question with an
. ssterisk (=) gnd depressing the RETURN key. Another question wiil be
o

II asked as to whether al] blocks are to be compressed and the snswer is

Yes. 1t the user inadvertently depresses another key, other messazges
will ocour. The user at this time is urged to simply depress the RETURN
key ané return to the FILER menu.

Atter accomplishing the desired removtal operations, the user can
exit the FILER program by depressing the O key which will return the
uset to the DOS menu. The user can then execute tha DASS progras by the

methods dascribed previously.

12
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IV THE OPTIONS

a4
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.

b

T

The following sections deal with the major options and their

sub-options from the user's standpoint and in explicit detail. The

options are discussed in alphabetical order, each beginning on 2 new

page. All options are discussed vusing the format shown in Figure 3.

OPTION: (option mnamonic)(option name)

USE: A general discussion of the use of the option

sassnseennsnnns C A UT [ ONS taancessansgntns

CAUTIONS ASSOCIATED WITH USE OF THIS OPTION

. SRNRRREERRRRRRER C A U T J O N S stnexnsssnagansn

PROMPT or MESSACE prompts and messages are displayed by the i
the computer which may require some action
on the part of the user.
SITUATION : on the part of the user. This action attempts
to complatelly describe the meaning ot
the prompt and the various effects dur to the prompt
REG ACTION specifies actionts)
trequired by the user in order té satisty

program requirements.

Figure 3. Option Discussion Format
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- THE MAIN MENU
5 ‘
b PROMPT 1:  ATT DIS DON MOD NEW NUM PRU REV SEL
o SBEN SPA STA SYS TTL WVC
OPTIONY

SITUATION: After the program has been initialiged (i.9.
exeacuting option sﬁn;, the main menu will be displayed
fndicating all opt}ons available under the current verston
of DASS.

REQ ACTION: Enter the three letter option and the RETURN kay. The
computer will respond with prompts associated with that
eption. Entering anything else will result in PROMPT i

being sepmated.

14




OPTION: ATT (ATTcibute)

USE:

This option is used to enter a Ilabdel for the decistion

which is being used. Reasonable responses are ‘'VALUE' (more
is better) and 'RECRET' (less is batter). The response

is later used to prompt !‘n user for the values for the
alternatives being considered and indicating which alternative

is the bast (highest or lowest) in the sensitivity analysis.

sxegxgnnnanst C A U T I O N frasgzggagnnnsy

8. ANY ENTRY STARTING WITH THE LETTER R VILL BE TREATED A8

REGCRET (LESS IS BETTER) IN THE SENSITIVITY ANALYSIS.

ALL CHARACTERS STARTING WITH ANY OTHER LETTER/NUMERAL/ OR
CHARACTER WILL BE TREATED A VALUE (MORE I8 BETTER) IN THE
SENSITIVITY ANALYSIS.

sxgeanesaness C AUT I ON tttlttntlttlt!tb

PROMPT 1: ENTER ATTIRBUTE CHARACTERISTIC

(REGRET OR VALUE)?

REQ ACTION: Enter attribute characteristic, ending with the RETURN

key. The entry can be any length; however, only the first

ten characters will be retained.

13
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- OPTION:

- - USE:

hf

- 1.
-

[

-

NG PROMPT 1:

">

7

o SITUATION:
N

“~

PROMPT 1-A

SITUATION:

ACTION REQ:

D18 (DISplay a mode with descendents)

This option will display the information at a node in elther

tsbular or graphical format.

SRRAARARKARRNRNRERARAEE C A U T | O N S RESaRARRNRARAREARNN

DIRECTING THE DISPLAY TO €O TO THE PRINTER WHEN THE PRINTER
I8 NOT AVAILABLE VILL RESULT IN A PROGRAM FAILURE.

RARsgeERREnERRRanaRnstt € A U T ]I ONS ll;..!lllllllllllll

ENTER NODE TO BE DISPLAYED...
"ENTER. . .NRN? .

The user is asked to enter the node referance nu-bc:;
for a node which has descendents, and for which the
display is to take place.

Enter the NRN and conclude by depressing the return key.

Entering a NRN which is non-existent will teturn

control back to the MAIN MENU.

: NODE 18 A DATA NODE AND CANNQT BE DISPLAYED

- DEPRESS RETURN TO CONTINUE
The NRN entecred in response to PROMPT i is not a node

with dascendents.

ACTION REQ: Depress the RETURN key to continue the progranm.

PROMPT 3: VARNING. . .
& TREE NEEDS TO BE (RE)CALULATED
e " OUTPUT VALUES MAY BE INCORRECT
e ‘ PRESS ANY XEY TO CONTINUE
;q
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SITUATION: The tree structure has been modified by either adding
or deleting nodes, o7 adding cr deleting ajternatives . '
and has not bdeen re-computed since. This xeans that
the weights and values for some or sll nodes may be
l;loouxato. The display, however, will uoé be
inhibited nor can it be sbortad.

ACTION REQ: Depress any key.

PROMPT 3:  T(ABULAR G(RAPHIC o
SITUATION: The user is now asked s to whether a2 tabular or
graphical presentation of the data is desired. The
tabular tormat is shown in Figure 4, and shows the node
entered in PROMPT | as wall as its immediate !
descendents. In addition, numeric values of each alternative

.

for all nodes are listed as well as the cunulative and

celative weights.

The graphical format p:ovfdcs similar information; however,
the display takes on the sapearance illustrated in Figure

4 with the numeric values for the relative and cunulative
weights being displayed and thc-values of the ulicrnativcl.
in bar graph format, being displayed underneath the
descendent nodes and to the right of the parent node.

An alternative/color legend is dlipllyod on the upper

Teft hand corner.
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ACTION REQ: Press the T or G key for the option desired. It T is

,""'Iia'fr'

depressed, PROMPT ¢{ will ooocur.

1t C is depressed, Figure 5 will be displayed. Depressing

any other key will result in PROMPT 3 being repeatad.

PROMPT 4: C(ONSOLE P(RINTER

SITUAION: This prompt will oocur if the T key was depto}sod in
responsa to PROMPT 3. This prompt determines if the
review is to sent to the console or the printer.

ACTION REQ: Dapress the C or P key depending on the option
desiread. The output will lpp'lt.ll shown in Figure

4. It the P key is depressed, control is rteturned

to the MAIN MENUV after the datz is sent to the pitntor.
Depressing any other ke will result in PROMPT 4 being

tapeated.

PROMPT §. PRESS ANY KEY TO CONTINUE

SITUATION: This prompt occurs aftar the tabular display is produced

on the console. This cavses & temporary pause so that the
the user can esanine the data.
ACTION REQ: After exswmining the display, press any k}y. Control

will be returned to the MAIN MENU.
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13
COMBAT -

EXCTOR F-4 F-15 F-111
AIR-AIR *» 30.00 90.00 20.00
AIR-CND &« 30.00 20.00 40.00
RECCE t 50.00 19.00 ¢0.00

TOTAL $0.00 48.37 34.28

FACTOR (VT) CUMWT
AIR-AIR & (.42) 0.24
AMR-CKD ¢ ¢.432) 0.24¢
RECCE " (.14) .08

TOTAL 0.57

The above format will be seen if T is depressed in response
to PROMPT 3

Line 1 (3 3) the NRN for the node entered in PRO/PT 1
Line 2 (COMBAT =) the label for the node entered in PRCMPMT |

Line 3 (FACTOR F-4 F-15 F-111) lists the header for all
imnediate descendent nodes and lists horizontally the
alternative Jlabels truncated to five characters.

Lines 4-6 lists the labels of the immediate descendent nodew and
lists values (inputted or calculated) for eanrh alternativel
The asterisk (*) lisie«d to the right of the fabel
indicates the node as a data node (the bottom-most
node for that branch).

Line 7 (TOTAL 30.00 48.357 34.28) 1lists the value of each
altrnative for the node inputted in response to PROMPT 1.

Line 8 (FACTOR (V. JHWT) lists the header, ageain )
for the - ', e descendents. The (WT) is the relative
weight - Laen olung (lines 9-11) agaist each other.

The Cuna«T is the contribution of each sibling (lines
9-11) to the overall decision structure.

Line 12 (TOTAL . 0.57) indicates the amount (relative to
1.00) that the node inputted in response to PROMPT
I contridutes to ‘he overall decision structure.

Figure 4 D1S Tabular Format
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COMBAT
]
(RELVT) CUMVT
(.42) 0.24 (.42) .34 (.14) .08
AlR-AIR AIR-GND RECCE
o DD::) DDD D=D :
\‘: .
a8
The above format will be seen if G is depresed in response to PROMPT
3.
'i The parent node is listed at the top with the values calculated

on its right. For each descendent node, its set of values are :
listed in bar graph format nnderneath. Nodes labeled with asterisks
(%) are dats nodes. Each bar is colored unique:; v & particular
alternative legend in the upper left hand corner.

(REL WT) values in parentheses are values of esach sibling
sgainst each other. For COMBAT (the parent node), its
- relative wefght is in relation to other nodes

: (not shown in the display) at the parent's level.
cunvT itndicates the overall contribution of the node to the
' overall decision structure.

Figure $

DIS Craphical Display




OPTION: DON (DONe)
USE: This is the last option used. This signals that the
user §s finished with the program and the dats tiles.
The program will close (save) the files including
nppropr:ctc.ln(ornc!lon of the tree structure (number . : "
] or nodes, nunber of levels, number of alternatives, and trea *
acovracy). Thke program will terminate and the DISC OPERATING

SYSTEN meru will be displayed. - P

RRARARRARARERN R C A U T I ON X2 agasfansfinns

(there a-e no cautions associated with this option)

KRS aRttatann C A U T I ON RRRRRtRaaaRannsstn

PROMPTS: none
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OPTION:

L UsSE:

PROMPT §:

SITLATION:

MOD

(MODity existing tree structure)

This option is used to modify the tras one nods at a time.

Each node sddressed by node reference number (NRN) is:

1)

o:ea‘tcd. it necessary, along with its prede.essors

as necessary, (2) changed in label only if ft already

esiuts.

fameaneavensnnataees C AU T I O NS teeengesaneansane

ALL NRNs ENTERED MUST BECIN VITH 1. [IF ANY OTHER NUMBER
18 ENCOUNTERED FIRST, THE TREE STRUCTURE (AS KNOWVN BEFORE
THIS MODIFICATION) WILL BE PERMANENTLY LOST.

ADDING MORE THAN FIVE NODES ON A SPaN IS POSSIBLE
IF ONE OF THE SPANS CONTAINED IN THE NRN ALREADY
HAS FIVE MODES. THE RESULTS OF THIS ARE :
UNPREDICTABLE AND MAY PRODUCE UNEXPECTED OR
UNDESIRABLE RESVLTS.

ANY NUMBER CAN BE USED IN ENTERINGC THE NRN REQUESTED
BY PROMPT §; HOWEVER, !F A GIVEN SPAN DOES NOT
EXIST FOR A GIVEN NRN LEVEL, THE NRN NUMBER | VILL
BE ASSIGNED FOR THAT LEVEL.

THERE ARE NO CHECXS TO GUARD ACAINST THE OVERALL

S1ZE REQUIREMENTS OF THE TREE STRUCTURE GIVEN EARLIER
IN THIS TEXT. THE USER 1S URGED TO USE OPTION STA
AT THE CONCLUSION OF THIS OPTION TO INSURE AGAINSIT
INADVERTENT S1ZE VIOLATIONS.

sasanasaaannsnnnnnnt C A U T J O NG tusesngrnssnennet

ENTER. . .NRN?

The user is asked to ent~tr the node reference number

where the adéitional node is to de adJed, or the ‘'tdel

'}

the node is to be changaed.
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. 1
f\ ACTION REQ: Enter the NRN and eohclndc by depressing the RETURN

PRONPT 2:

SITUATION:

ACTION REQ:

key. Depressing tha RETURN key without any entry

will result in control being returned to the MAIN MENV.

LABEL?

The user is asked to enter the label of the node(s)
directed by PROMPT 1. 1f the node already axists,

just the label of that node will be changed. If

the node directad by the NRN does not exzist, all

new nodes created by the NRN entered in PROMPT ¢

wi]1l contzin the entered labdbel.

Enter the labei of the node(s) and conclude by

depressing the RETURN key. The rode label may

be of any length; however, only the first ten (10)
characters will be retained. Entering DONE and depressing
the RETURN key or depressing the RETURN key withcut any
entry will abort this option. Control will be returned
to the MAIN MENU. 1If a label was inputted in response to

PROMPT 2, PROMPT 1 will be repeated.

13
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OPTION: NEV (NEV data tile)

Yssy: This option is used to generate a new tree structure,

either with th. present file (it file name is identical)

or a nowvfllc name. If the file namo regquest by the prompts

is identical to the tile currantly in usa, the tile will

be destroyed.

SEE OPTION SEL FOR THE PROMPTS AND REGUIRED ACTIONS

ha
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OPTION:

USE:

NUM (NUMetric tavisw)

This option is used to generate & display of the tree struoture,
fncluding the node reference number, node label, relative
weight, cumulate weight, input values or calculated valces for

sach node and alternative.

txatgnemannnenste C A U T [ O N "rennaaasasnnsss

IF THE CTRL AND A KEY ARE DEPRESSED SIMULTANEOUSLY, THE OTHER. ‘\
HALF OF THE SCREEN WILL BE DISPLAYED. WHILE NOT CATASTROPHIC, \
A BLANK SCREEN MAY OCCUR WHERE DATA OR MESSAGES OUGHT TO BE R
DISPLAYED. 1IF IN DOUBT, DEPRESS THE CTRL AND A KEY
SIMULTANEOUSLY.
DIRECTING THE NUMERIC REVIEW TO CO TO THE PRINTER WHEN THE
THE PRINTER IS NOT AVAILABLE WILL RESULT IN A PROGRAM FAILURE. \
KN
SRNsNRRARNRRANRERRREY C A U T ] O N fRsassaaasnansns 'Y‘*
\\
PROMPT 1{: A(LL S(ELECT 4
L
SITUATION: This prompt determines if the entire tree is to be j *
' teviewsd (ALL) or it only a selected node §s to be
reviewed (SELECT) _
B L )
ACTION REQ: Depress the A or S key for the option desired. It the o
the A key is depressed, the program will respond with ‘ !

PROMPT 1-A: ENTER. . .NRNY

PROMPT 2. [If the S key is cepressed, PROMPT 1-A will
appear. Any other key will result in PROMPT ! being

repaated

135

i.
k]
b
4
H

LAATRNERR U PP PR e ahoie -




SITUATION:

ACTION REQ:

PROMPT 2:

SITUATION:

ACTION REQ:

PROMPT 3.

SITUATION:

ACTION REQ:

PRONPT 4:

The S key has been depressed in response to PROMPT 1 and
the user is now asked to input the node reference number
(NRN) tor which the numeric review is to take pilace.

Enter the node reference number and conclude with the

RETURN key.

C(ONSOLE P(RINTER

This prompt determines {{ the review is to sent to the

console or tha printer.

Depress the € or P Key depending on the option dasired.
1t C is depressed, the output will sppear as in Figure §.
It P is depressed, the output will appear as in Figucre 7.
WARNING. ..

TREE NEEDS TO BE (RE)CALCULATED
OUTPUT VALUES MAY BE INCORRECLT

PRESS ANY KEY TO CONTINUE

The tree structure has been modified by either zdding

or deleting nodes; adding or deleting slternatives;

or changing node weights or values and has

not been calculated since. This means that the

+

welights and values for some or all nédcs may be

inaccurate. The review, howaver, is not inhibited.

Depress any key

(ANY XEY> CONTINVE (ESC) EXIT

¢

P V.
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H
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SITUATION: When a tull page of output is produced, either on the
printer or the console, the output is paused so that
the user can ezamine the data. Pressing any key will
continue the cutput. Pressing the ESC key wil] abdort
the numaric t.vlu; and return control to the MAIN MENU.

ACTION REQ: Depress any k;y o} the ESC key depending on-tho action

required.

PROMPT §: PRESS ANY XEY TO CONT!*U!

SITUATION: Display is completed. This is written in o;do: to
allow the user time to peruse the last page of the
numerio review.

ACTION REQ: Press any key to continue the program. The program

will return control to the HMAIN MENV.
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BEST AIRCRAFT

NODE REF NUMBER LABEL REL WT CUMWT F-4 F~1% I-111}
1 BEST PLANE 1.00 1.00 47.79 35.04 37.8%
t 1 AERO .14 .14 34.50 31.00 47.50
1 1 1 HIGK ALT . .30 .04 45.00 80.00 30.00
1 12 LOW ALT .70 .10 30.00 10.00 $35.00
1 1 SURVIVABLE .39 .29 50.00 80.00 40.00
1 3 COMBAT .97 .87 S0.00 40.57 34.29
1 3 1 AIR-AIR .43 .24 S0.00 90.00 20.00
1 3 2 AIR-GND .43 .24 $0.00 20.00 ¢0.00
1 3 3 RECCE .14 .08 $0.00 10.00 ¢0.00

The above format will be seen in P is depressed in tasponse to PROMPT
2. Each line in the tible contains the following information (the
third line is used as an ezample).

1) NODE REF NUMBER LABEL (1 & 1 HIGH ALT). The node

tefarence nunber (NRN) is given for cach node, along with that
noda‘'s label.

1) REL VT (.30) The wieght of this node, rclativo to its
siblings (1 1 2 LOW ALT) is given.

3) CUN VWT (.04) The oumulative weight of this node rejative

to the entire tree (its contribution to the top node caloulated
values) is Jiven.

4) ALTERNATIVE LABELS- fF-¢ F~15 F-111 (&43.00 60.00 30.00), The
values for the alternstives ate given. These are sither
the inputs values (it the node is a data node) or calculated
values (it the node is an inner, branching node). These
ealculated values arxe those which the vser would enter {f the
branching node were to be zeplaced with a data node, and the
salues entered as user inputs.

Figure 6. NUM Format for the Line Printer
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BEST AIRCRAFT

NODE REF NUMBER  LABEL REL WT CUNVWT F-¢ r-13 Pr-111
1 BEST PLANE 1.00 1.00 ! BEST PLANE4?7.79% $5.04 237.8%
1 1 AERO .14 .14  AERO . 34.50 31.00 47.50
1 & 1 HIGH ALT .30 .04 1 HIGH ALT' 45.00 80.00 30.00
1 12 LOV ALT .70 .10 ¢ LOW ALT 30.00 10.00 $S.00
1 2 SURVIVABLE .39 .39 1| SURVIVABLES0.00 80.00 40.00
1 3 COMBAT .57 .37 t COMBAT $0.00 48.57 34¢.29
1 3 1 AIR-AIR .43 .28 | AlR-AIR $0.00 90.00 20.00
1 3 3 AMR-CND .43 .34 ' AJIR-GND 50.00 20.00 40.00
1 3 3 RECCE .14 .08 | RECCE 50.00 10.00 40.00

The data on the left side of the dashed line will be seen if the C key
is depressed in response to PROMPT 2. 1In order to ses the data on the
tight side, depress the CTRL and A key at the same time. Depressing

the CTRL and A key again will return the display back to the left sids.

See Figure § for further information.

Figure 7. NUit Format for the Console
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OPTION:

USE:

PROMPT 1:

SITUATION:

ACTION REQ:

PRY (PRUne trea)

Prune is used to siiminate selected branches from the tree.

The user is given two options for pruning: (1) pruns a node

and all its descendents, or (2) prune only the descendents

of a noda.

sasennnnneenanstas C A U T I O NS thnassansasnestsnnte

1. ENTERING AN INCORRECT OR NON-EXISTANT NODE REFERENCE
NUMBER CAN HAVE CATASTROPHIC EFFECTS ON THE
TREE STRUCTURE. USE OPTION REV OR NUN TO INSURE
PROPER NRN ENTRY.

2. M FORM OF TEMPORARY PRUNING, WHICH DOES NOT ALTER THE TREE
STRUCTURE 1S TO USE WEIGHTS OF 0.0 FOR THOSE BRANCHEB
VHICH WOULD BE PRUNED. USE OPTION UVC

AREXRNRRREARAENRRR C A U T I O NS RuNassaansnnassaees

N(ODE+DOWN OD(OWN ONMLY E(XIT
The user is asked to seleocted the particular method
of pruning the tree structure.

NODEoDOVN‘ prunes the node antered in responss to PROMPT 2
as well as all descendent nodes.

DOWN ONLY p;nncs only thc'd;seendents of the node Qnaorcq
in response to FROMPT 2.

EXIT ezits the option and returns the control to the

HAIN MENUL.

Depress the N, D, or E key for the desired option.
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Depressing the N or D key wil! result in PROMPT 1 and
on to be displayed. Depressing the E key will regnit
in the exzit of this procedure and return to

the MAIN MENU. Depressing any other key will

result in PROMPT 1 being repeated.

PROMPT 2: ENTER. . .NRN?

SITUATION: The user is now asked to enter the node referance

nunber for the node on which the pruning is to

take place.

ACTION REQ: Enter the NRN and conclude with the RETURN key.

PROMPT 2-A: YOU CANNOT PRUNE A DATA NODE VWITH
A DOWN ONLY OPTION.
PRUNE TERMINATED . f
(ANY XEY) CONTINUE

SITUATION: The NRN entered in response to PROMPT 2 was a data node

and the D key was depressed in response to PROMPT 1.

ACTION REQ: Depress any key. The program will return control

to the MAIN MENU. *

MESSAGE 1: FPRUNING...

SITUATION: This message will indicate that various pruning operations

are ynderway. Additional periods (.) will be displayed
as more pruning operations are initiated and completed.

At the end of the pruning, control of the program will

3t
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automatiocally be transferred to the MAIN MENU.
- ,
;
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OPTION: REV (REVieaw of structure)

USE: This option is used to generate & display of the tree stro "ure.

The node referenze nunbdber ard node iabel are given for eash

von A o

node reviewed, which wil]l be the user seleoted node and

all its descendents.

sERaRRteRNREERRRRE ( i UT1t o-ﬂ sareanssananans
f. DIRECTING THE REVIEV TO GO TO THE PRINTER WHEN THE
THE PRINTER 18 NOT AVAILABLE WILL RESULT IN A PROCRAM FAILURE.

arxnnagannnsaneas C AUT I ON tlll!l;ltttllllll

PROMPT 1: A(LL SCELECT

SITUATION: This prompt determines if the entire tree is to de
reviawed (ALL) or if only a selectad nods is to be

teviewed (SELECT)

ke et e cam v ten A bt et W

ACTION REQ: Depress the A or S key for the option desired. 1If the

the A key is depressed, the progran will tespond with
PROMPT 2. 1f the S key is depressed, PROMPT 1-A will

appear. Any other key will result in PROMPT 1| being ) )

repeated.

PROMPT 1-A:  ENTER...NRN?

SITUATION: The 8 key has been depressed in -esponse to PROMPT | and

the user {x now zsked te input the node relerence numbde:

(NRN) for which the numeric review is to take placa.
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ACTION REG:

PRONPT 2:

SITUATION:

ACTION REG:

PROMPT 3:

SITUATION:

ACTION REQ:

AN PROMPT 4:

U SITUATION:

Enter the node refersnoe number and conclude with the

RETURN key.

C(ONSOLE P(RINTER
This prompt determines If the review ix to ba sent to the
console ot the printer.

Depress the C or P key depending on the option desired.
The output will appear as in Figure 8.

WARNING. . .

TREE NEEDS TO BE (RE)CALCULATED

OUTPUT VALUES MAY BE INCORRECT

PRESS ANY XEY TO CONTINVE

The tree structure has been modifjed by either adding

or deleting nodes; adding ~: deleting alternatives;

et changing weights and values of nodes and has not

been calculated since.

This means that the

weights and values for soxe or a!l nodes may be

inaccurate. The review, however, is not i{nhibited.
Depress any key
(ANY XEY) CONTINUE <(ESC) EXIT

When 2 full page of ouvtput is produced, either on the

printier or thna console, the output is paused so that

the user can exsznine the data. Pressing any key will

contince the output. Pressing the ESC key will abort

PR o
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ACTION REQ:

PROMPT §5:

SITUATION:

ACTION REQ:

B

the review and return control to the MAIN MENU,

Depress any key or the ESC key depending on tha action.

reqoired.

PRESS ANY XKEY TO CONTINUE
Display is completed. This is written in order to

allow the user time to peruse the last page of the

teview.

Press any key to continue the program. The pzogran

will return control to the MAIN MENU.

BZST PLANE

1 AERO

1 1§ HIGH ALT

1 2 LOV ALT

2 SURVIVABLE .
3

3

3

3

COMBAT
1 AIR-AIR
2 AIR-CND
3 RECCE

- e e NS e B G e e

Figure 8. REV Format for the Console or Line Printer
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'. : OPTION: S8EL (BSELect dats tile)

. vse:

PROMPT 1:

SITUATION:

ACTION REQ:

PROMPT 2:

S51T.ATION-

ACTION REQ:

This option is used to select a new data file

saaseatenennnn? C A U T [ O N PARSRNRARRARRRNS

1. ENSURE DISK NAME ENTRIES CONCLUDE WITK A COLON (:)

2. IF CREATING A NEW FILE AND THE FILENAME ENTERED IS THE
SAME AS ONE THAT ALREADY EXISTS, THE OLD DISK FILI WILL
-BE DESTROYED.

3. IF THE FILE ASKED FOX IN PROMPT i AND 2 DOES NOT EXIST,
A RESULTING COMPUTER ERROR VILI OCCUR. YOU MUST THEN
DEPRESS THE BPACE BAR AND RE-EXECUTE THE DASS PROGRAM.

EREXRANLANRANNIE C A U T [ ON Axnenesnsnnasanes

ENTER. . .DISK NAME TO BE USED
(E.5. APPLED.)

Computer daca files for the DASS program are catalogued

¢

by 4 disk name (volums name) and¢ file nsme.

The cumputer at this point is ssking for s disk nams.
Entar the name of the disk Concliude entry with a colon
(:) and the RETURN key. 1If the file is to be on the
same disk with the DASS progran, the RETURN key by

itself will suffice.

PLEASE INSERT. <D1S8X NAME) AND DEPRESS RETURN
The computer is asking that the user insures that the
dick specitied

in PROM®T t s .- the disk drive.

Make sore that the disk specified in PROMPT 1| is in the

3
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PROMPT 3:
SITUATION:
s ACTION REQ:
f;?j
b
ke:
PROMPT 4:
SITUATION:
N ACTICN REQ:

disk drive, then depress the RETURN key.

ENTER...FILE NAME TO BE ACCESSED

The ¢ mputer is asking for the particular file naws.
Enter the file name of the desired 3dnta, conclude ul{l
the RETURN key. The file name can consist of
tlphcnu;etlcs (letters or numerical digits) amni the
special characters minus sign (=), right slaush (/),
back slash (\), and underline (_). The tile nane can

be any lergth; however, only the first three characters

will be significant and used by the program.

(CR)> OR NEW?

Asking if the file already ezists. The file exists if

the DASS progran has been stopped by the DON or SEL option
after entecing the fiie name tntﬁrod in PROMPTs 1

and 2.

If the file described in PROMPT { is to be 2 new file,

type NEW and conclude with the RETURN key. The
preogram will then exzecute options ATT, TT', and SPA.
If the file described in PROMPT 1 and 2 is an old

file, press the RETUIN key. The program will display

the MAIN MENU.
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OPTION: BEN (SENsitivity analysis)

USE: Usad to conduct sensitivity anslyses. The selected nods's

cumulative weight, relative weight, or in the case of a data nods,

the valus of an nliornatlvo. is sllowed te tange Obetwesn

a2 user selected minimum and maximum values. The tree is collapsed

with the perturded apptopriate weight (or vajue), and the values

of the top nrde are printed or plotted.

saxtenantes C AU T ] O N esoesecsngng

§. VUSING MIN AND MAX VALUES FAR FROM THE 'CORRECT' VALUE VILL
GIVE MATHEMATICALLY CORRECT NUMBERS, HOVEVLR THE VALIDITY
OF THESE RESULTS MAY BE SUSPECT DUE TO THE SYNERCISTIC

INTERACTIONS OF WEICHTS WITH WEICKTS AND WEICHTS VITH
VALUSES.

sxenanscess C A U T ] ON sanansnentnne

MESSAGE 0: WARNING .

TREE NEEDS TQO BE (REICALCULATED
REPORTED VALUES MAY BE INCORRECT!
(ANY KEY) CONTINUE

\ B8ITUATION: The tree structure has been modified Dy efther

3dding or deleting nodes; adding ur deleting alternatives;
or changing node weights snd values. The sensitivity
anslysis will not be inhiblited; however, vajues calerlsted

will not be valid.

ACTION REQ: Press sny key to continue the program and respond

to PROMPT ¢ by pressing the £ kay.

PROMPT 1 SENSITIVITY: CIUNWT RIELVT VHIALUE ENXIT

n
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SITUATION: This prompt is to ascertain the type of sensitivity

analysis that is to be accomplished.

CUMUT - vary the oumulative weight ot a nede.

.
AT

. j RELVT - vary the relative weight of a node.
; VALUE - vary the vuivn of an alternative
at 2 data node.
EXIT -~ exit sensitivity
ACTION REQ: Press the C, R, V, or E key depending on the

option desired. Pressing any other key will result ia

PRONPT ! being tepeated.

‘ MESSACE 1: SENSITIVITY ANALYB1S FOLLOWS:

PRONPT 2: NRN FOR WHICH (OPTION) 18
TO BE PRETURBED
, ENTER. . .NRN?
\ SITUATION: (OPTION) indicates the cption selected by the user in PRONPT 1}
N H

The computer is asking tor the Node Refarenoce

Nomber (NRN) for the node where the sensitivity analysis

a e aee—

is to take place.

ACTION REQ: Enter the node relerence number (NRN) for
the node whate the sensitivity is to be
accomplished. Any character not a number will be

fgnored. End the NRN entry with a carriage return C(RETURN key).

3
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PROMPT 2A:

SITUATION:

ACTION REQ:

PROMPT 28:

SITUATION:

ACTION REQ:

PROMPT 3:

SITUATION:

ACTION REG:

NODE DOES NOT EXIST...
C(ANY KEY) CONTINUE

The NRN entered by the user doss not exist in the presesat
tree structure.

Press any key to continue ptogram. The computer will
respond with PROMPT 2.

NODE NOT DATA NODE...

CANY KEY) CONTINUEL

Message ocours when the n;or has selected the VALUL
option and the NRN selected by the user is not

a data node (i.e. the Dottom-most node for that
braneh).

Press any key to oontiﬁuo programn. The ocomputer will
respond with PROMPT 2.

SYSTEMS AVAILABLE

(LIST OF ALTERNATIVES)

ENTER SYSTEX FOR WHICH VALUE 18
TO BE PRETURBED.

(LIST OF ALTERNATIVES) Alternitives that are ocontained in
th-btllan tree structure. This prompt o;cur- ohly when
the VALUE option is requested.

Enter one of the slternatives listed in Qh;

(L1ST OF ALTERNATIVES) ending with a oarriage return

(RETURN key).

40
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PROMPT JA: SYSTIM ENTERED NOT VALID
- ' (ANY KEY) CONTINUE

SITUATION: The system entetad by the user in response to PROMPT 3

was not the same are listed in the (LIST OF ALTERNATIVES)

i - . (see FROMPT 3) abdove.

ACTION REQ: Press any key to continue the program. The computer

' will repeat with PRONPT 3.

MESSAGE 2: (NRN) (NODELABEL)
CURRENT NODE (OPTION) 18 (VALVE)

SITUATION: (NRN) Node referenced entered by user in PROMPT 2
(NODE LABREL) The title of the node identified by the

node retference numbaer in PROMPT 2

{OPTION) Vill be etther CUMWT, RE‘UT or VALUE
dependent upon the chotce made In

PRONPT 1.

P ’ (VALUE) The present value of the cumulative
waight, the relative weight, or the valuc

] .ol the alternative for the node $dentified

in the NRN {n PROMPT 2.

PROMPT 4: MINIMUM (OPTION) (0-(MAX VALUE ALLOVED)) 18°?
SITUATION: (OPTION) ¥ill be either CUMWT, RELWT or VALUE

depending uvpon the ohoice made {n

11
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PROMPT 1.
(NAS VALUE ALLOVED) 1 for options CUMWUT er RELVT

100 for option VALUER

ACTION REQ: Enter s value which will be used as the lower limit

in the sensitivity analysis tor the option selected by
PROMPT 1. Conclude the entry with a carsriage roln;u
(RETURN key). Entered values below

sero or higher than the (MAX VALUE ALLOU!D‘ will

result in PRONPT 4 being repeated.

PROKPT S MAXIMUM (OPTION) ((MIN VALUE) - (MAX VALUE ALLOVED)) IS?

SITUATION: <(OPTION) Option seleoted by PROMPT 1
(MIN VALUE) User {nput value in response to PROMPT 4
(MAX VALUE ALLOVWED) Same as PROMPT 4

ACTION REQ: The usar is to enter & value which will be used as
thovuppcr Iimjt in the sensitivity anslysis for the
option selected by PROMPT L. Conolude the entry with
a carriage return (RETURN key). Entered vilues below
(MIN VALUE) or higher than the (MAX VALUE ALLOVED)

will result in PROMPT 5 being repeated.

PROMPT ¢ (OPTION): TIABULAR GIRAPHICAL E)XIT
SITUATION: (OPTION) Elther CUMVT, RELWT, or VALUE based on the
option selected in PROMPT ,

The senstivity analysis is completed. The computer

L]
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. y
. . is now asking the user te select the form in whiok

.- the sanalysis is to be displayed.

o TABULAR - Tabulated values for each system, st lhe top

- _

:4 node, for the two extresmes snd for 9 equally

l spaced points internal to the intetval (Figuse 9).

?~ - : CRAPHICAL - The gtaphical representation of the

analysis with the two extremes of the

ionsl!l;gty interval along the Y-asis

&nd the values for each system, at tha top

node, along the X-axis. Each alternative is
oolor coded at the !op_o! the display (Figure 10).

ERIT - Leave the senstivity analysis routine.

ACTION REQ: User is to prass the T, G, or E kay to display
the analysis in the desired node. Pressing any other

. key will result in PROMPT ¢ being repeated.

PROMPT 4A: TABULAR: C(ONSOLE PC(RINTER
S1TUATION: This prompt will be in ts:éonso to the T key being
deprassed in PROMPT 4. The computer is now asking as to whether
the sensitivity analysis is to.go to the cenpﬁlo o; the
l‘nl printer.
ACTION PEQ: Press the C or P key to send the
sensitivity analysis cutput to either the console

or the line printer, respectively. Prescing any other

RIS e . . . R X S e e
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PRONPT ¢8:

- SITUATION:

. ACTION REQ:

. e -

. PROMPT 7:

SITUATION:

ACTION REQ:

key will result in PROMPT 6 bDeing repeated.

GRAPNIC: N(ORMAL E(XPANDED
This prompt will be in response to the C key being .
depressed in PROMPT 6. The computer has accepted the
osmmand to provide a graphical display of the seasitivity
analysis and is now asking for the formst the graph Ls to take.
NORMAL - the ZX-azis will be labelled from 0 to 100 which is
the ninimum and mazinum values which the top
node can Ql!...
EXPANDED - the X-axis will ba labelled from the lowest
value obtained in the sensitivity Iull’;ll
(to the nearest 10) to the highest value
(to the nearest 20). fhls option is normally
ssed to separate al&nrntilvo lines for olarity.
Press the N or E key basead on the
graphical display desired. Pressing any other key
will result in PROMPT 4B being repeated. Upon completion

ot the graphiocal display. depressing any key will result

in PROMPT ¢ being repeated.

(ANY KEY) CONTINUE
This ccours at the conclusion of the tabular printoot
st sither the line printer or the console.

Press any key to continue the program. The program will

94
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i A respond with PROMPT §.

CUMVUT SENSITIVITY ANALYSIS
FOR SURVIVABLE NRN:1 2
CUMVT: TF-4 F-13% F-113

9.00 6.9 431 3¢.9

.10 7.2 8.4 37.2

0.20 47.93 $3.0¢ 37.3

0.30 47.8 §3.5¢ 37.8

. . 0.40 4.1 s9.0 38.2

- ’ 0.50 .3 42.5% 38.%

0.60 4.3 é6.0t 388

.70 4.1 49.5¢ 3%.%

L 0.80 4" .4 73.0% 3% . ¢

= 0.9 q".? 76 .32 39.7

{f 1.00 $0.0 $0.0* 40.0
- Figure 9 SEN Tabular Display
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SENSITIVITY ANALYSIS
. FOR SURVIVABLE NRN 1 3
e VALVE
0 10 .0 60 1) 100
[ cccces commpm cqeons emceee cessas
! ! 1 1 1 1 1
20 lecemectoraadetad dctomaacatoranaa
: ! ! 1
40 femmeeeleneas tecboaNcemmealammaaa]

!
.60 leecen-

NPT

lomman 1ol JE I |
. 4 H !
80 lewaeceloeeen leodacatmeaXetoneann
! ! L !
1.00 ewoecec comeecdacdae caccoNVaaaoaa
- Figure 10 SEN Craphical Display
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. OPTION: SPA  (8PAn on a given node)

USE: This opticn is used to create new tree structures by
sntering the (mmediate Cescendents (ohildren) to nodes.
The user enters the node reference number (NRN) for the
top node to be processed, and NRNs asre automaticslly
gensrated for allvaddlt!on;l nodes as !ho';lor enters
labels f{or the new nodes. The user is gliven the option

ef cteating descendents for each new node oreated.
satmeanerentttanet C A U T I O N B VERRRRNRANNNRRRNE

1. ALL OLD DESCENDENTS AT A NODET ARE LOST IF EVEN ONE NEW
DESCENDENT 1S ADDED. NOTE THAT IT IS POSSIBLE TO
EXIT FROM A NEVLY PROMPTED NODT BY ENTERING DONE OR
EXIT OR DEPRESSING THE RETURN KEY. -

3. A YES RESPONSE TO PROMPT 1-A WILL DESTROY ALL PREVIOUS TREE
STRUCTURE DATA.

: 3. A MAXIMUM OF 100 NIDES CAN BE USED. THE PROCRAM VILL NOT

FHECK 1F MORE ARE ADDED. UNEXPECTED RESULTS MAY
VCCUR.

4. SPANNING A NODE VITH DESCENDENTS WIIL NOT ONLY RESULTS
IN ALL THE DESCENDENTS BEING DESTROYED, BUT ALSO REDUCES
THE TOTAL NUMBER OF NODES AVAILABLE FOR THE TREE STRUCTURE.
IN OTHER WORDS, THE TREE STRUCTURE WILL ONLY BE ABLE TO
CONTAIN SOME NUMBER OF NODES LESS THAN 100 IN IT. IF SPANNING
ON A NODE THAT HAB DESCENDENTS, PRUNE (USING THE PRU OPTION)
THE DESCENDENTS BEFORE SPANNING. THIS WILL INSURE THAT
ALL 100 NODES ARE AVAILABLE IN THE STRUCTURE.

nttctn}ttnutnttttl CAUT ] ONGS seasrsesnsannsnne

PROMPT 1: S8PAN NODES . . . A(LL S(ELECT

4
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SITUATION:

ACTION REQ:

PROM?T 1-A:

- SITUATION:

ACTION REQ:

PROMPT 1-8:

SITUATION:

This prompt determines where & new structure is to ba con-

structed (ALL) or new descendents are to be defined for
a specific node (SELECT).

Depress the A or S key for the option desized. 3f .
ACLL is selected, PROMPT 1-A will occur, else PROMPT 1-B.
Depressing any other key will result in PROMPT 1 being

repeated.

DO YOU WANT TO BUILD A NEV TREE? (Y/N)

This prompt is in rtesponse to the A key being depressed in
response to PROMPT §. This ts a safeguard to prevent
inadvertent destruction of a tree structure. A yes
response will start building the tzee. A no response will
tesult in esiting this option and a return to the MAIN.
MENU.

Depress the Y or the N key in response to the prompt.
Depressing any other key will result in PROMPT 1-A being

repeatad. A Y response will result in SCREEN DISPLAY

ENTER. . .NRN?

This prompt is in response to the S key being depressed
in response to PﬁOHPT 1. The progran is asking for the
specific node reference number to which the descendents

ate to be added.
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ACTION REQ: Enter the node reference nnumbdber snd conclude with the
RETURN key. .A valid NRN will result in SCREEN DISPLAY 2.
f, Entering an invalid NRN will cause program oontrol to

setorn to the MAIN MENU.

SCREEN DISPLAY 1:

MASTER

SITUATION: This display indfcates that 2 new structute is to be

developed.

ACTION REQ: Enter the label of the root node in box nusber 1. [If the
label is less than 10 characters, depress the RETURN key.
Vhen box number 2 Is drawn, respond by depressing the

RETURN key.

N 0"'

L

T ‘rr.v..
T ii .-
- .
oo
. o - .

PSR P, PRy S S .

., - ” X . § .. e " PSP SRy P -y S
| AR S N




———r

- i e ———— ————— —

I ; SCREEN DISPLAY 2:

) PARENT NODE

: DESCENDENT @4 . DESCENDENT #2 DESCENDENT 03
DESCENDENT 04 DESCENDENT &%

CURRENT RUMBER OF NODES: nn

SITUATION: The parent node is listed at the top of the struoture.

The program will then draw the wire and the box for

descendent i and wait unti] an entry ll-lld.. After which
the program will draw the box for descendent 2 and so on.
CURRENT NUMBER OF NODES: nn, gives the current nuabar
of nodes presently in the struoture and is‘lnorencntcd
as noa;s are added to.tho struot e.

ACTION REQ: Enter the label tor a descendent and Lf less
than 10 characters, conclude with the RETURN key. It
no descendents are to be added or if the lzst descendent
has been added, enter DONE or depress the RETURN key when

the nest entry (i.e. next box is drawn) is asked for.
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h}
:ﬂ.4 SCREEN DISPLAY 2 will be repea - ' for each node entered
. ustil the entire tree structure has been entered. You
};: can exit the option at any time SCREEN DISPLAY 2 {s

shown by entering EXIT in the descendent box. WVhes
the tinal node label hag been entered or EXIT has deen

entered, the program will seturn control to the MAIN

NENU.
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OPTION:

Uss:

PROMPT 1:

SITUATION:

ACTION REQ:

STA (tree 8TAtistios)

This option displays the ourszent number of medes in the tcee
structure, the number of levels in the tree structute, and

the number of alternatives evalusted by the tzee

struoture.

arseseesnnsnesnenn C AU T I O N S Raaatsasnssasaang .

There are no caustions associated with this option

sssssnsnanncnntess C AU T J CN S ansaecasnensansns
NUMBER OF NODES nn
NUMBER OF LEVELS nn
NUMBER OF SYSTEMS na

(ANY KEY) CONTINUE

nn represents varicus numbers which ;ould indicate
the nusber of nodes, levels, and systems.

Ths output is paused so that the uset ocn esamine the
various statistics with regacd to the trse structure.
Afte: examining the dats, press any key to continue.

The program-will teturn control to the MAIN MENU.
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OPTION: 8Y8 (entering, adding, or deleting 8YStems)

USE: This is used to enter labels for the alternatives (systems) }

being oouoldot;d. These are later used to prompt the vser

to prompt the user for values, and as part of vacrious displayps

and review formats.

[ St . AL
¢ AR RN

.l N ‘. ’ 1 -
. FAEPERICA S

’
.

Y
.

e

SRRERRNRENRARENRSRN C A U T I O N ransqngegsaegagates

AN .

-

E%i 1. VUSINC THE N(EW SUBOPTION WILL NOT DESTROY ANY
k}:\ _ INFORMATION THAT CURRENTLY RESIDES IN THE

DATA NODES. IT SIMPLY RELABELS THE ALTEANATIVES
AND INCREASES/DECREASES THE NUMBER OF ALTERNATIVES.

sassananansnetnes C A U T 3 O N wesasassngensgeeses

PROMPT 1: ACDD D(ELETE N(EVWV E(XIT
SITUATION: The user is asked to select & suboption. They are:
ADD add a new alternative to an existing list of
alternatives (see MESSAGE 1 snd PROMPT 2).

. DELETE delete an alternative to an existing Iist of

alternatives (see PROMPT 3 and MESSAGES 2 and 3).
NEW oreate s neaw set of slternatives (up te s masimum of
five) (gsee PROMPT 4 AND MESSAGES 4 an 3).

EXIT exit the option and return control to the MAIN MENU.

ACTION REG: Depress the A, D, N, or E key for the option lesired.
Pressing any other key will result in PROMPT . being

tepeated.
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MESSAGE 1:

SITUATION:

PROMPT 2:

SITUATION:

ACTION REQ:

MESSAGE 2:

SITUATION:

MAX NUMBER OF SYSTENMS EXCEEDED

The A key was depressed in response to FROMPT %,
There atre already five alternatives being evalsated sgainst
the current tree structure. After the message is

presanted, PROMPT 1 will be repeated.

ADDIRC S8YSTENM
L2BEL?

The A key has teen depressed in response to PROﬁ!T
The computer is now asking for the tltlcnfor the
altarnative that §s wished to be added Dy the user.
Enter the title or name of the alternative to be
added. The title can be of sny length; howaver, only
the first ten (10) oharacters will be used. Coneclude
the entry by deprussing the RETURN key. The computer
will respond with MESSAGE 2.

USE WVC FOR ENTERING VALUES AND

RECALCULATING TREE

This message is printed out to advise the cser that
the uset needs to enter values for the alternative
just entered at all data nodes. In addition, the
user needs to recaloulate the tree tn order to obtain
correct results in subsequent reviews, displays, and

sensitivities. The program will return control to

PROMPT 1.
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O ' PRONPT 3: CURRENT SYSTEMS . . .

ﬂ: - (ALTERNATIVE #1)

R CALTERNATIVE 93)

AR . sto. '

_ INTER SYSTEM TO BE DELETSO

gi; SITUATION: The D ey has bean depresswd in response to PROMPY 1.

(ALTERNATIVE #n) -refers to the name of the altersative(s)
which are currently avsluated hy the present traee
struoture. The user is now ssked to input the name of

the alternative (system) which ;c to be deleted.

in order to escapes from this mode at this point, enter .

- - f - an fncorrect alternative name.

ACTION REQ: Enter the name of the zlternative, from the Iist given

-~

in the prompt. Conclude entry by depressing the

RETURN key. 1If a corresct alternative label is entered,

- eraw

the program wiil respond with PROMPT 1. Otherwise,

the program will respond with MESSACE 3.

MESSAGE 3: SYSTEM NOT FOUND

SITUATION: The alternative entered in PROMPT 3 was not the same s

v em s e S m—————

that listed §n PROMPT 3. The pregram will return control

to PROMPT 1 of this option.

1

e 2
[ I
AL

,

PROMPT 4: ENTER. . .8YSTEM n LABEL?

[
—t

i
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¢ SITUATION: The N key has baen depressed in response to PRONPT 3.
| ] Tbic option is used when developing a new tres struoture
whete & several altarnstives are to be entered at enmce
}lnd any old data is meaningless. )
ACTION REG: Enter the name of the given system (alternstive) and cenoclude
by depressing the RtTURﬁ key. The entsy can be of auy
length; however, only the first ten (10) characters will De
used. PROMPT 4 will then be repeated.
Atter entering the jast system, and there ate less than four
i ' slternatives being investigated, type DONE and deprise the

RETURN key or press the RETURN key alone. MESSAGE ¢4 will

appear and oontrol will return to PROMPT 1 of this ecptien.

MESSAGE 4: NUM OF SYSTEMS =n
SITUATION: Message tells tha user how many systems (n) that wete

(' ) entered.

- MESSAGE §: SORRY .. .YOU MUST ENTER AT LEAST ONE SYSTEM
SITUATIOCON: The RETURN Lkey was depressed ot DONE was entered and
there were no systems (alternstives) antered.

The computer will respond with PROMPT 4.
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OPTION: TTL (TiTLe of the data strweture)

This option elicits & title for later use as 3

hesder to various output summaries.

sasessasennnawesdsnte C AU T J ONS 2nnsenssssanecaneny

- P T TN
. A
" P LI R I
. ot e
. B aats e
R Syt s Lt

Thets are no ocavtions associated with this option.

-

sxmamennseneensedtsas C A UT I O NS testessasnesnengsny

-
falld
@t

.Pq
:
i
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PROMPT §: ENTER A TITLE FOR THIS DATA STRUCTURE
SITUATION: The computat is tequesting that the user enters 2
title tor the currant data structure.
ACTION REG: Enter a title, concluding with the RETURN key. The title oan

be any length; however, only the first 60 characters will

be retained.
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OPTION: WVC (Veights, Values, and Csloulatjons)

Use: This option is used to acoess suboptions for entering
weights, enter valuations, or (redoaloulating interios
valses.

. seasastastsn. C A U T I O NS sensenensnnse
. SEE SPECIFIC SUBOPTIONS FOR CAUTIONS

sustassantnr C A UT J O N-§ mesacanasesng

PROMPT 1: WVC: V(EIGHT V(ALUES CCALCULATE E(RIT
SITUATION: This initial prompt ellcits a suboption which

is to be selected.

VEICHT Input weights to those nodes whioch have
descendents (see next page).
VALUE Enter alternative values l( the data

nodes (see next page plus one).

( ! CALCULATE Caloulate the valuations for the internal

(branching) nodes. This is often called
‘collapsing® the tree. A deotailed discussion
of the CALCULATE scboption (olloui..

EXIT .':li\ the UVC‘oﬁtion ;nd_rotnrn.to thc#nllu

»eny.

ACTION REQ: Depress the VWV, V, C, or E key to select the desired:
option. Depressing any other key will result in

PRONPT | being repested.
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SUBOPTION  W(RICGHT

USE: This suboption input weights to theose modes whioh have

desceanderts.

saxsenenenss C AUT I ONGS seansenseanng

1. INPUT OF A NECATIVE VEICHT 18 NOT DETECTED; HOVEVER, 1T
VOULD INVALIDATE ALL THE CALCULATIONS WHICH USE IT,

2. ENTERING A ZERO FOR ALL WEICHTS FOR ANY CIVEN NODE WILL RESULT
IN A PROGRAM FAILURE.

3. THERE I8 NO ESCAPE FROM THIS SUBOPTION IF A(LL I8 SCLECTED
UNTIL ALL NODES HAVE BEEN WEICHTED.

ftssxnsnnaner C A U T 1 O N & tssnseacnnnns
PROMPT 1: VEIGHTS: A(LL S(ELECT

SITUATION: Elicits whether all nodes which have descendents
sre to Da selacted ot {f a user selacted node is te

be chosen.

ACTION RIG: D.pidci the A or S key depending or the option
desired. If A is depressed, PROMPT 3 and on will
ocour. I sny other key other than A or 8 is

depressed, PRONPT | will De reapeated.

PROMPT 2: ENTER. . .NRN?

' 2 s m e te el ad shdese

o e Bl

AP PV U WY P v |



- ——— e e

SITUATION:

ACTION REQ:

PROMPT 2A:

SITUATION:

ACTION REQ:

PROMPT 3:

SITUATION:

ACTION REQ:

PROMPT 4:

e A——— e =

The B(ELECT option has been selected and the program

is asking for & node reference nusber.

Enter tho.nodo tefetence number and conclude with

‘the RETURN key.

NRN ENTERED 18 INVALID
(ANY KEY) CONTINUE

The node reference number elicited by FPROMPT 2 ts

a0t s node which has descendents.

Press any key. The computer will respond with PROMNPT 2.

OLD VT8 NEV VTS NORMALIZED
DESCENDENT 01 xx
DESCENDENT oN 3

The labels of the descendent nodes are listed ac well
as the current normalised (1.e. tha sum equals 1) weights

sultiplied by 100.

Enter thi relative weights among the descendents listed.
Conclude cach entry by depressing the RETURN key. Entries

nead not equal 100,

ARE THESE WEICHTS OKAY? (Y/N)
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SITUATION:

ACTION REG:

The new weights have been normalised (summed to 3080).
You are asked as to whether the weights sntered ate as
desired. A yeos tesponse will cesult in PROMPT S. A

no tesponse will result in PROMPT 3 being repeated.

Depress the Y or N f.y. Conclude by depressing the

RETURN Xey. '

PROMPT S: ENTER RATIONALE FOR WEICGHTS
’ (MAX 60 LETTERS)

SITUATION: You are asked to enter any oomments conoorntng'!ho just

tnsetted watghts, - ;

H

ACTION REQ: Enter any commants ss desired. The enterad rationale

may be up to 100 charactars in length; however, only "

the first 60 will be significant. i
NOTE: IF A WAS SELECTED FOR PROMPT 1, PROMPTS 3 THRU S VILL BE

REPEATED UNTIL THE ENTIRE TREE HAS BEEN WEICKTED.

AT THE COMPLETION OF THIS SUBOPTION, CONTROL WILL BE o
RETURNED TO OPTION WVC. : -
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- SUBOPTION: V(ALUES

.i- Y.

USE: This suboption inputs values to the data nodes for each

i
.

ajternative.

sessannnnen C AUT ] ONS teansesnnanns

2. ALL NEV VALUES OF ALL ALTERNATIVES FOR THE CIVEN NODE AREL
SET TO ZERO.

1. THE ONLY WAY TO BAVE NEV VALUES FOR THE NODE I8 TO USE THE
E(XIT VALUE SUBOPTION.

3. THE USER MUST UNDERSTAND THE MEANING OF THE VALUES BEFORE
ENTERING THEM. VALUES CAN ONLY BE SCALED FROM 0 TO 100.

sxxesanssrens C A UT I ONS rreennnseanes

PRONMPT 1: VALUES: A(LL SC(ELECT

SITUATION: Elicits whether all nodes which have descendents are to

be selected or if a user selected node is to be chosen.

ACTION REQ: Depress the A or the 3 key depending on the option
desired, If A is depressed, the program will proceed
to the SCREEN DISPLAY. An 8 will result in PROMPT 2.

Any othar key will result in PROMPT § being repeated.
PROMPT 2: ENTER. . .NRN?

SITUATION: The S(ELECT option has been selected and the program

is asking tor a data node reference number.

ACTION REQ: Enter the node reference number and conclude with the

é1
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T RETURN koy.
- PROMPT 2A: NRN EINTERED 18 INVALID
o (ANY XEY) CONTINUE
Ll SITUATION: The node teference nuaber selacted in response to
PROMPT 2 is not & data node.
i ACTION REQ: Press any key. The computer will repest PROMPT 2.
SCREEN DISPLAY:
VALVUE: ACBORT B(ACK E(XIT N(EXT (ESC)
NRN: 1 2 1 NODE LABEL
OLD VALUE NEV VALUE
ALTERNATIVE F-4
OLD VaLUL 30.00
NEW VALUE
SITUATION: This display will appear for the salected data node
if 8 was depress in PRONPT | or for each data node in tarn
tf A was deprassed.
i
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1. NODELABEL repreasants the title of the data node
that the alternative values are entered
for.

3. OLD VALUES represenls in bar graph format the
current values of gtvon alternatives
for the ptesent nede. iuch alternative
has a dlitlnottvo color (ortngo..
vioclet, bluc; green, or white) aid
Is fdentified by item 4 (balow).

3. NEV VALUES represents in bar graph format, the
user supplied values of qivon Il(.tnltl;!l
for the present node. Each al!nrn‘tlvo
Pas its own color as in the OLD VALUE.

4. ALTERNATIVE 1lists the nime of a gisen lltornatﬁve

surrounded by fts distinctiva color.

S. OLD VALUE 1lists the nuweric value of the alternative
color bar in {item 2(adbove), and labeled
in item ¢ (lpovo).

6. NEW VA£U£ Area where the user !npils the new value of
the alternative. At the conmpletion ;! the
entry (RETURN key), the appropriate color
b>r will be drawn to reflect the user

fnpat.
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OPTIONS UNDER VALUE:

ACBORT

BC(ACK

B1XIT

NCEXIT

i (RETURN)

{ESC)

Abort} all ohanges made by the user

and resaves the node with fts original values.
The program will proceed to the next node

or the WVC manu depending on the response to

PROMPT § of VALUES.

Goes back to the immediate predesding
slternative without changing tho valve of the

present siternative. -

Exit the present node, and save the alternative
valuas as indicated in the NEV VALUR graph.

(Item 3 above).

GCoes to the naxt alternative without updating
the value in the NEV VALUE bar graph (Jtem 3

above) for the present slternative.

depressing the RETURN tey copies the value of
the OLD VALUE (Jltem 2 adove) for the given

alternative to the NEW VALUE.

depressing the ESC key will abort the VALUE
suboption regqardiess as to whather sll nodes

or & selected node was requested. The program
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will return to the WVC menu. The node will

retain its old values.

(number) (RETURN)> Entering a value and depressing the

RETURN key will result in the value of the
alternative being displayed in bar graph
format. Number g;oltor tﬁan 100 will be
treated as 1.0 and number iess than sero

will be treated as szero.

ACTION REQ: Deprass the A, B, E, N, RETURN, ES8C key for the option
desired, or enter the value and conclude with the RETURN
key. The valus oan be up to 10 charactess long (including
the decimal point). The SCREEN DISPLAY will continue

to appear until! the E or ESC key is depressed.
- At the conoclusion of the last node antry tconeluding

with the E key), the program will sutomatically return- to

the WVC menu.
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\} SUROPTION: C(ALCULATE

N USE: Calculate the valus for the internal (branching) nodes.
Collapses the tree. Resets watsnings in main options BEN, REV,

DI8, and NUM. Detsils of how the caloulations are ocarried out

Ky ) ) can be found in the Programmer's Manual of this dooumsnt.

seansnasnant C A UT ] ONSGS neanenssseense

Thete ate no cautions associated with this suboption.

seansneannad C A UT ] ONS teanssangseny

MESSACE 1: CALCULATING TRER..

SITUATI( Message appears as tree is Deing collasped. Additional
peciods (".*) agre added to the message to indicate
that calculations are still going on. At the completien

. of the calculations, control will be returned te

{
T OPTION WVC.
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V. SAMPLE SESSION

The fellowing tew paragraphs will demonstrate the uss of the DASS
through a samsple session. The objective of this session will be te
install the hierasrchical structure shown in Figure 1, cenduct a
comulative sensitivity analysis on the node SURVIVABLE, and then te exit
the progras.

During this presentation, the con;n!or respouses will be prefised
by COMPUTER:, while the user's response will be prefized by USER:. Any
side notes regarding specific actions will be encliosed by parentheses.
In addition, entries which required the depressing of the RETURN key
will be indicated by the symbol (eor).

After turning on the system, the user should depress the X key (te

ezscute the program) and then type DASS snd lepress the RETURN key.

COMPUTER: ENTER...DISK NAME TO BE VUSED
(E.C. APPLED)
USER: {er)
COMPUTER: PLEASE INSERT AND DEPRESS RETURN
UBER: (or)
COMPUTER: ENT:R..;F!Lt NAME TO BE ACCESSED
USER: EXA (or)
COMPUTER: (CR) OR NEV
USER: NEVW (er) (Create 2 new dats file)
COMPUTER: ENTER ATTRIBUTE CHARACTERISTIC (REGRET OR VALUE)?
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USER: VALUE (or)
COMPUTER: ENTER A TITLE POR THIS DATA STRUCTURE
USER: BEST AIRCRAFT (or)
COMPUTER: SPAN NODES. . . A(LL S(ELECT
U3ER: A
COMPUTER: PO YOU WANT TO BUILD A NEW TREE? (1/N)
USER: 4
COMPUTER:
MASTER
: USER: BEST ACFT <or)
f : '
j COMPUTER:
MASTER
!
‘ BEST ACFT
H usl1 {or)
H
!
!
H
;
' 1)
t
'
i
.- . .
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.
. COMPUTER:
i BEST ACET
F USER: PERFORMANCE (NOTE: the DASS only ailows 10 chatsoter
E‘ jabels. 1t labels are greater than ? \
t‘. characters, do not depress the RETURN key)
C COMPUTER:
BEST ACFT ‘
|
. !
{
|
PERFORMANC
. USER: SURVIVABLE
. : COMPUTER:
- J BEST ACFT
. , 5
i
:
N ; PERFORMANC SURVIVABLE
~ !

USER: COMBAT <(or)
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ENDY DAY
,

\L\‘ — s & S — . o——— —
E
X
S :
b COMPUTER:
% BEST ACIT
. - .
X PERFORMANC SURVIVABLE COMBAT
. usER: tord
CONMPUTER:
PERFORMANC
%
. . USER: HI ALT (or) (The user then enters the remaining nedes
- : putting on desocendents as requested. The Jast [
» | entry is stated below) i
L COMPUTER: |
RECCE
USER: (cr).
COMPUTER: ATT DIS DON MOD NEW NUM PRU REV SEL
BEN SP°PA STA SYS TTL wvi
OPTION? :
USER: 818 (or}

!
{
i‘m,
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COMPUTER:
i B : ysn:
COMPUTER:
USER:

- COMPUTER:
USER:
COMPUTER:
USER:
COMPUTER:
USER:
COMPUTER:
USER: |

COMPUTER:

USER:

~ COMPUTER:
UBER:
COMPUTER:
UBSER:

COMPUTER:

USER:

Ty
T it al P
v T T e W L T e -

A(DD D(ELETE N(EV E(XIT

N (Xote mno (or))

ENTER...SYSTEM 1 LADEL?

et Cord

ENTER...SYSTEM 2 LABEL?

P-13 (o2

ENTER. . .SYSTEN 3 LABEL?

F-111 (or)

ENTER.. .SYSTEM 4 LABEL?

Cer)

A(DD D(ELETE N(EV E(XIT

£ (Note mo (o1))?

ATT DIS DON MOD NEW NUM P‘U REV SEL
SEN SPA STA 8Y8 TTL WvVC ’
OPTION?
WVE (or) (Enter weights, velues snd oxiculate tree)
WVC: W(EICHT V(ALUES C(ALCULATE E(XIT

v (Enter the relative weights on the ipuno)

WEIGHT: A(LL S(ELECT

A

0LD wTS NEV VTS NORMALIZED
PERFORMANC 0
SURVIVABLE 0

COMBAT 0
1 <o)

3 (er)
4 (or)

7
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COMPUTER:
OLD VTS NEV VTS NORMALIZED
PERFORMANC [ ] ‘ 1 14
SURVIVABLE [ ] 3 3
CONBAT [ ] 4 37
ARE THESE VEICHTS OKAY? (Y/N)
USER: ¥ (er)
COMPUTER: ENTER RATIONALE FOR WEIGHTS
USER: (or)
COMPUTER: .
OLD VTS NEV VTS NORMALIZED
K1 ALT [
L0 ALT 0
USER: .3 (o) (This demonstrates any style of weighting schems
.7 {or? can de used. The program does the normslisation)
COMPUTER: .
OLD vWTS NEV VTS NORNALIZED
HI ALT 0 " ] 30
LO ALT 0 .? 70
ARE THESE WEIGCHTS OKAY? (Y/N)
v USER: Y tor)
COMPUTER: ENTER RATIONALE FOR WEIGHTS
(MAX 40 LETTERS)
USER: {or) (The user then proceeds on and inserts the relative
weights on the last span: AIR-AIR, AIR-GND, and RECCE)
COMPUTER: WVC: W(EICHT V(ALUES C(ALCULATE E(XIT
USER: v (Enter alternative values of the attridutes)
COMPUTE: - VALUES: A(LL SC(ELECT
. . USER: A

e - CR . . C o B Pl et o e -
AP PR PR Y W I PO P Foar R P P PP el W % iy
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COMPUTER: VALUZ: ACBORT B(ACK RE(XIT N(EXT (ISC)

NRN:1 1 3§ K1 ALT

P ' OLD VALUE NEV VALUE

ump Gt  —— —— e e——

ALTERNATIVE F-4

OLD VALUE 0.0

NEV VALUZ ) -

USER: 435.0 (o) '

CONMPUTER: VALUER: ACBORT B(ACK E(XIIT N(EIT (ESC)

NRN:3 3 3 Hl ALT

OLD VALVE NEV VALUE

— o__

ALTERNATIVE F-1$

OLD VALVUE 0.0

NEV VALUE

e — e i e b

USER: 80 (or)

]
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COMPUTER: VALUE: A(BORT B(ACK E(XIT N(EXIT (ESC)
l : NRN:1 1 3 HI ALT
o OLD VALUE NEV VALUE
. _ o — - U j —
ALTERNATIVE F-111 )
OLD VALVE 0.0
NIV VALUE
. ]
USER: 30 (er) -
COMPUTER : VALUE: A(BORT B(ACX EC(XIT NC(EXT <(ESC)
NRN:1 1 1 HI ALT
OLD VALUE NEV VALUE
' ALTERNATIVE E-111
i OLD. VALUE 0.0
[ - NEV VALUE
USER: X
. 74 .
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5 COMPUTER: VALUE: A(BORT B(ACX E(XIT N(EXT (E8C)
NRN:§ 3§ 2 LO ALT
OLD VALUE NEV VALUL
ALTERNATIVE F-4
OLD VALUE 0.0
NEV VALUE
USER: (Enters the worth values for all remaining nodes)
COMPUTER: WVC: WV(EICHT V(ALUES C(ALCULATE E(XIT
USER: c
COMPUTER: CALCULATING TREE...........

WVC: W(EIGHT V(ALUES CC(ALCULATE E(XIT

USER: E
COMPUTER: ATT DIS DON MOD .{IV NUM PRU REV SEL
SEN SPA STA 8YFf TTL Wv(
OPTION? '
USER: NUM (er) (Conduot numecrio review to gat Node Reference
Nomber)
COMPUTER: A(LL S(ELECT
USER: A
COMPUTER: C(ONSOLE P(RINTER
USER: c
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: COMPUTER:
.. BEST AJRCRAPT
| NODS REF HUMNER  LABEL REL VT CUMVT
§ PEST PLANE 1.00 .00 ;
t 1 AERO Y .14 !
11 1 HICH MT .39 .04 :
$ 1 2 LOV ALT .70 .18 i
1 2 SURVIVABLE .19 .39 1
i i 3 COMBAT .87 .57 :
. 1 3 1 AIR-AIR .43 .14 :
. 1 3 2 AR-CND .43 .34 ‘ {
"o 1 3 3 RECCE .14 .08 3
v. !
[ PRESS ANY KEY TO CONTINUE i
: ]
USER: (Depress the CTRL snd A key simultaneously)
COMPUTER: .
LABEL F-4  F-15 r-1t1 l
BEST PLANE4?7.79 55.0¢ 37,81
AERD 34.50 31.00 47.50
HICH ALT 43.00 80.00 20.00
LOV ALT  30.00 10.00 $5.00
SURVIVAELES0.00 80.00 40.00
COMuAT 50.00 48,37 34.29
ATR-AIR  50.00 90.00 20.00 !
: AIR-CND  350.00 30.00 40.00 i
! RECCE 50.00 10.00 60,00 ‘ '
! |
* VSER: (Depress the CTRL anéd A key simuitanscusiy)d
H
[}
|
i
1
7¢
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: COMPUTER:
- . BEST AIRCHAFT
’- ) NODE REF NUMBER  LABEL REL WT CUMVT
o 1 BEST PLANE 1.00  1.00
R 1 1 AERQ .14 .16
. 1 1 1 HICH ALT .30 .04
o “1 8§ 2 1OV ALT .70 .10
L 1 2 SURVIVABLE . .29 .29
§ 3 COMBAT .37 .57
} 1 3 1 AIR-AIR .43 .34
N 1 3 2 AIR-CND 4 .43 .24
. 1 3 3 RECCE .14 .08
PRESS ANY XKEY TO CONTINUE
USER: (or)
;. _ , COMPUTER: ATT DIS DON MOD NEV NUM PRU REV SEL
.- SEN SPA STA SY8 TTL WvC ‘
OPTION?
USER: ) SEN (o1} - (Sensitivity angiysis) ~
- COMPUTER: SENSITIVITY: CIUMWT - RIELWT VIALUE EXXIT
USER: c
COXPUTER: SENSITIVITY ANALYSIS FOLLOWS
! NRN FOR WHICH CUMWT 18
- TO BE PERTURBED
ENTER. . .NRN?
USER: 12 (e}
_ COMPUTER: 1 2 SURVIVABLE
CURRENT NODE CUMWT 1S 0.2V
- MINIMUM CUMWT (0-1.0) IS?
U“R: 0 ¢er)
- © COMPUTER: MAXINUM CUNWT (0-1.0) 18?
T USER: 1 Cor)
- COMPUTER: CUMWT: TOABULAR COIRAPHICAL EIXIT

D
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USER: ¢
COMPUTER: GRAPHIC: N(ORMAL E(XPANDED .
USER: N )
COMPUTER: . . -
F-4¢ F-111
F-18
SENSITIVITY ANALYS1S
FOR SURVIVABLE NRX { 2 -
VALUE
0 20 40 14 80 100
b ceecen eeeege cove memmen acmeee
! ' t H ! t
i L e Y et bl celecrerniceccaa]
H oo ! !
c R | J FSCUCUPIY IpIPROIP: Sy IS PR W DIV JupipRp
u ! 4 t !
X 60 fececccaleccecliobaaci e taceaaad
v H ! ! t
T 80 Jeeccrclovocedlectecatlenadreleccaaal
H H i !
1.00 wercee camveaal cedene ceaerNaaaaas
; USER: C(or)
! COMPUTER: CUMWT: TIABULAR GIRAPHICAL EXXIT
! USER: t
COMPUTER: "ATT DIS DON MOD NEW NUM PRU REV SEL
SER SPA STA SYS TTL WVC
OPTION!?
USER: DON (cr) (Computer now exits the program)
7
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.- 1. INTRODUCTION
- R ﬂ——-
»i?- This prograsamer's manual is lﬁ support of the Decision Analysis

Support System as described in the preceeding thesis and appendices. The
- putpose is to provide future amalysts with ln(or-ntlon»portlnont to kl.
- ' prograa itcelf tor modifications and improvenments.
;; . This program was n:ltti‘ In USCD PASCAL as supported by the lpplo'
11 Hlteroeoipnt‘:. Inoclvded in the program is computer oo}or graphics
which i{s an implemsnted feature on the Apple II.

. Hany of the comments and examplas presented in this manual refer
to Figure 1. The programmer and interested resders are urged to rafes to

this figure whean reading the following sections.

BEST ACFT
{ 0.1¢ 0.2 0.57
‘ _
_i PERFORMANCE SURVIVAEBLE CONBAT
.3 6.7 0.4 0.43 .14
Hl ALT LO ALT AIR-AIR AIR-GND RECCE
Velue -
F-4 43.0 30.0 50.0 0.0 50.0 $0.0
F-1% 80.0 10.0 80.0 0.0 4.0 10.0
F-111 30.0 $3.0 40.0 0.0 0.0 60.0
Figure | Sample Tree Structure
! !
i
i
1]
1 - - .
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11. ARRAY STRUCTURES

A
-{l‘

The array structures in this program follows that of the DASS
progran pet forth in the Applesoft BASIC program. There are three
primary arrays that are carried in internal memory. The names are IRAY,
ARAY, and VRAY. The following paragraphs will desoride each array and
provide appropriaste row and column definitions.

A{l't;rays are set up such that esach row, starting with row i,
‘tepresents a level in the structure. For example, §f tow ;wo had nede

data in §¢t, that would mesn that that paxticular node was a2 lavel two

type node (i.e. first dercendent from the root noda). The only case that

this is not true is when PROCEDURE cnois (in UNIT A ;l sxecuted. In H
this procadure, the arrays additionally hold a complete spam of the trc;
which contains the node which invoked the procedurs.

[ Array IRAY is a an 1§ cow by 6 column array housing the various
link pointers. The rows and colﬁans are labelled starting with Tero and
running to ten and f{ive respectively. Each row represents a partioular
node with each column representing the node number, the location ¢f the
node on its span }clltlvc to its bro!hprl and sisters, the downlink
node, the crosslink node, the backlink node, and the backlink node.

Colusn sero represents the node number that is assigned to the
node at the time of entry. Esach node hss a uniquely asstgned node

number. This number represents the record number of the disk file where

.
]
f e . N
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all nodes reside in mass storage. In addition, this node number is vused
in fdentifying downlinks, orosslinks, backliinks, and npllnk; in acray
IRAY. |

Colemn on: zepresents the nodes position in the span for the
level the node is at. The very tirst node in the span is ladbelled one.
This 1is c:’d to ldonttiy the node vusing the node reference number systenm
(As doserl;od above a;i in the User's Manuwal).

Column two represents the downlink node. The downlink node is
that node which is the first descendent to the node identified tn column
sero. [f there are no deaeond;nls to.tho node, the doun;lnk will be
sero. ' ’

Column three teapresents the orosslink node. The orossl!u; node is
that node which is a siblirg of the uoéo. It the node does not have any
more sib'ings, the orossliink will be sare.

Column four ;lprosonts the bsoklink nodo..Tho backlink node is
that node whioh eventually links the node back to the roet node
(top-most node). The backlink oan be either the parent node or a sibling
depending on the nodes position on the span. If the necde ks the tirst

node on the span (reading left to right), its baoklink node will be its

parent. If the node ts_on any other posl(loi. its dacklink node wilf be

its sibling on its immedfata left,
Column five represents the uplink node. This column is aot saved
on the disk file Sut is used in PROCEDURE SPAN in SECMENT PROCEDVRE

DUMMY and the vuplink node is used in PROCEDURES NEXT and FIND in UNIT

i ——————tv———
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DASSA. 1t points to the node's parent, during node seszoh and nede

spanning.

Array ARAY is the data array which houses the relative and
cunulative weights tor & node. iolltlvo weights refers to the telative
impertance of the node to its siblings. All volqﬁts sve Datween sere and
one, but the sum of the rolntlv; weights of u;l siblings on & given span
is equal to ons. Relative weights are a:a{qnod using option WVC (see
User's Manuasl) which §s found in SthtNT PROCEDURE VVLOAD under
PROCEDURE RDUT.

Cu-'l;!lva waights cefer to the imyact ¢! the node to the oversll
tree stiucture. This is partioularly impo- tant t; saccomplishing
sensitivity analyses. The cumulative weights are caleulated using
PROCEDURE CALZ § SECMENT PROCEDURE WVLOAD. The sotual calculations used
in ocaloulating the tree (cumulative weights) will be discussed fn a
later secotion.

Array VRAY is the data arrasy thoh carries worth value
intormation for the alternatives. The VRAY'atruy congists of five
eelugni each represanting an alternative undo? invcstiqz!lonl Values
inside this array are inputted directly into data nodes (the Bottom-most
nodes in the tto;'sttucturo) using option WVC (PROCEDURE RDV in SEGMENT
PROCEDURE WVLOAD). Th; values of nodes other thsn data nodes are

ealoulated using PAOCEDURE CALC in SECMENT PROCEDURE WVLOAD.

ie
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111. Disk File Struotures

Two separate files are oreated and maintained for esach tree ,
structure developed by !hf DASS progras. Thg tirst tile called NODE (see
UNIT DASSA) contains the tecord tor each node. In addition, tree
sanet-ro.siatll!lol and various titles are stored in this file. The
second file, called SYSTEMS (also in UNIT DASSA) oontains the labels tor
311 the alternatives being investigated. The following few parsgraphs

will describe the files in detatil.

Fa .2 NODE, as indioated above contains record data for sach nede.
The recor” contains the label of the node (NODETITLE), the cell number

(CELLNUMBER), the position the node is on its span (NRNDICIT), its

downlink node (DOWNLINK), fts orosslink node (CROSSLINK), and its

Sacklink node (BACKLINK). In addition, the rooot& contains the node's

relative weight (RELVEIGHT) and cunulative weight (CUMWEIGHT), s well
as values of the alternatives !Qr that node either calculated or
inputted (SYSTEMVALUES ARRAY(!..QI). Finally, each record contains a
comment concerning that particular node (RATIONALE).

For ease of programming, the node record number (used in various
CETs and PUTs throughout the program) is the same as the cell numder of
the nods. Thus, values of the various linking pointers (DOWNLINK,
CROSSLINK, and BACKLINK) can -be used to GET tha specified node directly.

In the case of APPLE 1] all random accass files (Ql whioh KODE

- . . L u-&mM‘]
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. 5YSTEMS are), the tirst record of the file is labelled sere, the
1t one, and so on. Since the reoord number for the node is alse the L
«<ll number of the node, recerd sero is not used for the nodes
" ‘hemselves. However, node seto is used to contain varlous tree
: statistics and titles. The following paragraphs desoribe which global
l : variables are stored in record sero of file IXINODE.DATA. .
: The NODETITLE variable contains the ocurrent attridute y
characteristio ocontained in global variable LATT, which is created when
option ATT is euercised (PROCEDURE LABELATTRIBUTES in SECMENT PROCEDURE . .
DUMMY) .
The CELLNUMBER vamiablc contains the v;luo of the gl.bal variable
NNODES (number of nodes in the tree). . I
The NRNDIGIT variable in the record contains the currant numbder ;
of levels contsined in the tree structure. Levels as discussed :
previously sre the number of gensrations eminating from the root node, |
including the root node.
The DOVNLINK variable contalns.thc current nuaber of alternatives
(or systems) that uto-bclng investigated by the trea. The information is
transfersed to and from ;hn global variable NSYS. -
The CROSSLINK varfable contains the condition of the tree
structure as jdentified Dy the global variable FLAG. It FLAG is
non-sero, additions and/or deletions have bean made to the tree .
stracture, and the tree has not been rvre-caloulated.
Finally, the RATIONALE variable contains the title of the tree
‘ o
!
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structure whioh is obtained by option TTL (PROCEDURE READTITLE im

iu . ' SEGCMENT PROCEDURE DUMMY). The global wariabls TITLE contains the tres

E;E. structure titie during program operation.

;S- Other vnrl:blnc in recotd 0 of file XXINODE.DATA not mentioned

_i- are currently not used and are availasblie for future usa: ‘ \
f.}' _ Disk acoess of the nodes are conducted throughout the program; H
tii : however, node sero is only acoessed at iuo ﬁoints. The first point §s

Eﬂi . when the file fs first sccessed (PROCEDURE SELECTFILE ia SECMENT

N .

e PROCEDURE DUMMY) and the sedond is when ihoilllo~ll closed (PROGRAM DASS
o or FROCEDURE SELECTFILE in SEGMENT PROCEDURE DUMMY).

Vhile access to the nodes ocour throughout the program, the }
intormation transterred fron the nodes to the holding arrays (IRA!.-

ARAY, and VRAY) are 2ll done via PROCEDURES NODEARRAYTODISK and |

NODEDISKTCGARRAY found in UNIT DASSA.

The second disk {ile used by the DASS program is called SYSTENS.
Its purpose $s to contain the labels of the alternatives (systems)
currently being evaluated by the tree structure. The varfasble used in
the tile in c;llgd SYSTEMNAME. Sinos the file 1s small (cn;r.nt
testriotions, due to the nuamber of colors av;illblo. l!nltt!ho ﬁﬁ:bcr ot
ajternatives to five), whenaver a requirement for an ll\orpttivo name is
tequited, the file i3 accessed (except in SEGCMENT PROCEDURE UVLDAD where

the systems are read into an array 8YS and used during loading values in

PROCEDURE RDV).
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IV. Sensitivity Analysis

The sensitivity anslysis in this version of DASS not only .
conduots variations for a particular node's cumulative weight, but alse
s node's relative weight and it the node is a dats node, the variation
of 2 value of a particular alternative. The following paragraphs will

desoribe the models for the options above. The code which is used to

tmplement these models are PROCEDURE CALCARRAY within SECMENT PROCEDURE
SENSITIVITY.

Sensftivity on Cuuulative Weight
In this analysis, we are ezamining the effect on the overall tree
(“toot” node) bared on a change in the cumulative weight on any nodse.

Note that the composite value of the “toot™ node for a given

ajternative is:

VALUE(ROOT NODE) = E CUMULATIVE VEICHT(ATTRIBUTE) & VALUE(ATTRIBUTE)

all
attributes

In the analysis of cumulative weight, we ~re interested In
replacing a particular oumolajve weight of any node with a new waight.
Since the trees is normalized, we an calculate 3 new composita value.

The procedure is to remove the contribution of the node from the
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"root"” node and replace it with a8 new contributed value. Note that the

conteibution of any node to the overall “root” node Is:

CONTRIBUTION(NODE) = CUMULATIVE WEIGHT(NODE) * VALUE(NGDE,ALTERNATIVE)

Since changing th; ocnulative weight of any node results in the tree no
longer being normalised, the tree, itself, must undergo a
transfornation. The transformation must be such that the transformed
tree's ovaulative weight is equal to one minus the cumulative weight of
the perturdbed node.

A single equation was d.vnlopoa.to accomplish the above prooedure

for & given alternative:

NEV VALUE(ROOT NODE) « (VALUEC(NODE) * NEW CUMULATIVE VWEICHT) «
((3 ~ NEW CUMULATIVE WEICHT) !/
(1 - OLD CUMULATIVE VEICHT(NODE))] ¢
((VALUE(ROOT NCDE) -
(VALUE(NODE) = OLD CUMULATIVE VWEICHT(NODE)))
(S P

Thus the procedure to determine the change in the "root” value of
3 given alternative given a change in a cumulative weight of some

sttribute or objective is as tollows:

(1) Pilek a new cunulative weight of the noce to be examined.

(2) For sach alternstive, determina the new "root®™ node value
for the alternative uvsing agquation [1).
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For example, let's Jook at the effect of changing the ocumulative

weight of node KI ALT from A.042 to 0.06 on sltarnctive P-§.

For alternative F-4:

VALUE(BEST ACFT,F-4) = 47.7¢

VALUE(HI ALT,F-4) = 45.00
for node HI ALT
CUMULATIVE WEIGHT(HI ALT) = 0.042

Using equation [1):

NEW VALUE(BEST ACFT) = (VALUE(H!I ALT,F-4)* NEV CUMULATI\E VEICHT) «

({1 - NEW CUMULATIVE WEIGHT)/
(1 - CUMULATIVE WEIGHT(HI ALT)) ¢

(VALUVE(BEST ACFT,F-4) -
(VALUE(H] ALT,F-4) = CUMULATIVE VEICHT(HI ALT))
a« (45.00 * 0.04) «
(1 - 0.06) /7 (1 - D.042)) ¢
(47.79 - (45.00 * 0.042))

= 47.73

Sensjtivity on Re ve W
Vhat we are esamining is to see the change in alternative values

at the "root™ node based on a change of a relative weight on a span
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angwhere {n the trees. Note that the “root™ node is the ovarall objective
of the tree structure.

In porfotnln{ the anslysis, we nesd to look at how the vajues of
s noSe are calculated. Nota that for amy node, the value of an
slternative for that node is just the sum of the products ol each

jomediate dercendent alternative value 2nd its relative weight or:

VALUE(PARENT NODE) = E RELATIVE VEIGHT(DESCENDENT) *VALUE(DESCENDENT)
all

immeodiate . (21
descendents

Thus we can ssy that a change in the relative weight of any node
will only affect the value of the paramnt nodo.Aln.addltton, note that
the value of any node is only dependent on its own lmmediatle descendents
and not on the relative weight-of the node itself. Theratore, in
examining a change of the relative weight of a node, the new ajternative
vajues of its parent need to ba cslculated and substituted for the
fncumbent vaiues of tha parent. This substitution will then affect the
valuve of the "root” node.

Substitution of the new values into the "root" node, fortunately
is straaght-forward. Note that the value contribution of any nodnv!o the
“root” node is just the product of its value myltiplinad {, its

cunulative weigh? or:

11
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NODE'S CONTRIBUTION TO THE ROOT NODE = CUMULATIVE WEIGHT(NODE) ¢

A VALUE (NODE) (£ 3]
“? ' S8ince the cumulative weight of the parent is unohanged, the
. ) change in the value of the parent can be zdded to the "rool" node or:

. NEV VALYE(ROOT NODE) = OLD VALUE(ROOT NODE) - -
(CUNULATIVE VEICHT(PAREN:) * OLD VALUE(PARENT)) «
(CUMULATIVE VEICHT(PARENT) * NEW VALUE(PARENT))
' (L P
A question arises as to how to distribute the remaining relative
welght to the node‘s siblings. An arbitrary rule was made to keep the
relative welghts of the sidlings at the same ptéportlonl as was in the
incumbant situation. For example, {et us have three odjective nodes A,
B, and C. Let each of these objactives have the relative weights of 0.7,
0.2, and 0.1 respectively. If we vary the relative weight of A from 0.7
to 0.8, then node B will have s relative weight of 0.133 and node C will

R ST : have 2 relative waight of 0.067. If we varied node A from 0.7 to 0.8,

[}

. node B will have a relative waight of 0.247 snd node -C 0.133. Note that

the ratio of B to C is unchanged in all cases.

Thus the overall procedure in ezamining the atfects of a change

5 in a relative weight of 2 givan node on the “toot™ node is:

SRR . (1) Pick a new relative weight of the node to be exanined.

(2) Redistribute the remaining relative weights (that is one
minus the relative picked in step (1)) among the node's
.siblings.
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(3) Recaloulate the vajue of the node's parent using the new
telative welights selected in steps (1) and (2) using !
equation (2). Note that the values of the node and its
siblings ate unchanged.

(4) Substituote the new value of the parent node in place of
its old value at the “root” node using equation (4).

For example, let us evaluate the llptét on alternative F-13 when
the relative weaight oi AIR-GND ohnug;s from its inoumbent relative
weight of 0.43 to 0.30.

After establishing the new relative weight for node AIR-CND,
compute the new relative weights of nodes AIR-AJIR and RECCE using the
relative weight of AIR-GND of 0.30 and maintaining the old pr;portlon

betwaen AIR-AIR and RECCE. We can deteraine the appropriate values

through the following equation: . 5 i

OLD RELATIVE WEIGHT (SIBLING)
NEV RELATIVE WEICHT(SIBLINC) » ) i
(1 - OLD RELATIVE VWEIGHT (NONE)) )

(1 - NEW RELATIVE WEICHT (NODE))

Thus for node AIR-AIR:

OLD RELATIVE WEIGKT (AIR-AIR)
NEV RELATIVE WEIGHT(AIR-AIR) = b
(1 - OLD RELATIVE WEIGKT (AIR-GND))

(1 - NEV RELATIVE WEIGHT (AIR-GND))

13
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0.4) .
: * m—t (1-0.50) '
N (1-0.43) :
! -« 0.377
? and tor RECCEK:
- 0.14
NIV RELATIVE WEIGHT(RECCE) » wammm—mme & (1-0.50) = 0.133
(1-0.43)

Tha nest step is to calculate the new value of AIR-CND's paresnt,
COMBAT using the new relattive weights caloulated above using equation
£2) for alternative F-i3:
NEV VALUE(COMBAT,F-15) = §ELATIVE WEIGHT(AIR-AIR) '.VALUE(AIR-AXR.Q-IS’ *
RELATIVE WEICHT(AIR-CND) » VALUE(AIR-CND,I-I#) 2 -

RELATIVE WEICHT(RECCE) ® VALUE(RICCE,F~-13%)

= 0.377 % 90 ¢+ 0.30 * 20 o+ 0.123 ¢ 10

s 43.14
T~ The final step (s to substitule the new value just calouvlated for
COMEBAT into the "root“ node, BEST ACFT. Using equation [d):
14 ,
b
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NEV VALUE(BEST ACFT) = OLD VALUE(BEST ACFT,F-13) -
CUMULATIVE VEIGHT(COMBAT) * OLD VALUE(COMBAT,.F-13) o

CUMULATIVE WEICHT(COMBAT) * NEV VALUE(CONBAT,F-13)
s 535.8064 - 0.57 % 48.%57 o+ 0.37 * 43.14

= $53.09

Thetetore, the change in the value of altecnstive F-13 fn the.
objective BEST Aér? glven s change in te relative weight of node AIR-CNRD

from 0.43 to 0.50 is 33.09.

Sensitivity on Attribute Valug

The objeotive in thl% senitivity analysis is to esamine the
eftect varying sn attribute alternative value on the "root™ node.
In this analysis note that varying a value of an alternative does

not sffeot the values of any other slternatives (independence among

-

alternastives). In addition, note that ochanging values does not effect

Ahe tree structure in etther the cumulative or relative weights. i

Thetetlore, a change in the "root" node oan be experienced cnly for the

alternative varfed and then by the amount ot the cumulative weight of

the attribute of:
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NEV VAL“‘(RODT NODE,ALTERNATIVE) = OLD VALUE(ROOT NODE,ALTERNATIVE) -

CUMULATIVE WEIGHT(ATTRIBUTE) ®
INCUMBENT VALUE (ATTRISUTE,ALTERNATIVE) <

CUMULATIVE WEICHT(ATTRIBUTE) ®
NEW VALUE (ATTRIBUTE,ALTERNATIVE) . (5}

Note that varying the value of aﬁ slternative for an attridute
enly effects the value of the "toot” mnode for that altarnative anéd the
values of the “root" node for all other alternatives tio unchanged.

Thus the procedure in esamining the effects of changing an

alternative value for a given lttrlbﬁto is:

(1) Select a new value of the attridbute for a given alternative.
(2) Calculate the neww value of the "toot” node for the

given alternative using equation (4). All other

salteznative values for the “root® node will remain

unchanged.
For example, let us look at the effect on the value of alternative

F-111 at the overa!l objective BEST ACFT when alternative F-111

changes vaiue at node SURVIVABLE from ¢0.0 t> 40.0.

Using equatjon ([($]:
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NEV VALUE(BEST ACFT,F-111) a~ OLD VALUE(BEST ACFT,F-11%) - |

CUMULATIVE VEIGHT(SURVIVASLE) ¢
OLD VALUE(SURVIVABLE,F-111) .

CUMULATIVE WEICHT(BURIVIABLE) ¢
NEVW VALUE(SURVIVABLE,F-1%1})
= 37.81 - 0.29 % 40 + 0.29 = 40

e 43.461 :
- ]

Thus & change in the value of the alternative IF-111 at nede

SURVIVABLE from 40 to 40 changes the value of the “"root™ node BEST ACFT

from 37.81 to 43.461.
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V. Hierarechy Manipulation

PROCEDURES NODIN_and FIND

These procedures (found in UNIT DASSA) are used to eltoit a
single noda (by NRN) ito‘ the user, ;nd tind that node. It the salacted
node does not exist the routines will find the nede which is closest in
the data structure to where the lnpit node would be. Most options (with
the exception of MOD) will In!otptot.!ho non-existence of a node as an
indjoation that the user is tinished with the option, and wlli teturn
program control to the program unit whioh called that option. In the
oase of 6ptlon MOD (SEGMENT PROCEDURE ﬂODPRU),.lGQ;Qtonnl branches and
aodes will De added to -ltoh-tho node entered by the user.

PROCEDURE NODIN. The routine NODIN merely resds in the user
selected node reference nusber. If the user entered an NRN, then NODIN

: - will call FIND to search tor that node.

PROCEDURE FIND. FIND seaacches the tree for a match to the input
node. This is accomplished through a lodtli;d breadth-first search.
Starting with the top Ievel, a cross' nk sclreﬁ ts conducted for an NRN
digit match st ou;b level. Failuse to find a -aich at a level indicates
fhat the input nod; syould be added as a new crosslink at that level. It
a match is found, the next level down is searched tor the nci( input NRN

digit. If there is no downlink path, then the routine is terminated.

Figuie 2 provides an example of the PROCEDURE FIND .
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toutine given that the NRN provided trom PROCEDUREZ NODIN was 1.,3,2.
These routines are used extensively by other options within the

progtanm, where the uvser nust select a single node.

RROCEDURES PRENEX. PRETOT, snd NEXT.

These preosdures (found in UNIT DASSA) are usad by‘DLSS to
sequentially traverse the tree struoture. PROCEDURES PRENEX and PRETOT
are used to indicate where the traversal is to start: st the "root” nede
in the case of PROCEDURE FRETOT, or at any descendant node in the case
of PROCEDURE PRENEX. The aotual traversal! is accomplished by PROCEDURE
NEIT. .

PRCCCDURE PRENEX. This procedure elicits a NRN (fﬁl the user
using PROCEDURE NODIN as desoribed adbove. If a valid NRN s entered, the
procedure starts the traversal at the node entered, and cause PROCEDURE
NEIT to traverse only jts descendents (sets ITOTL equal to one).

PROCEDURE _PRETOT. This procedure ca-=:ses the array pointers (LVL)
to be reset to the top of the arcays »ad sets the appropriate flags for
an entire tree traversal! (ICONT, NDIEF, and ITOTL equal *¢ one).

PROCEDURE NEXIT. This proceduce touxs.tho hierarchical structure
starting at locations speoified by PROCEDURES-PRETOT or FRENEX. The

algorithm used is Cuﬁtuln Morlan's fi.proved veision which was as

described in his Technical Regort. The basic flow is shown in Figure 3.
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THERE YES
DOUNL INK

?

REPLACE

YES
LOVEST
LEVEL VITH
DOWNLINK
BACK UP
ONE
LEVEL
YES

NO

END TOUR |
(lCONT:glj——i RETURN ,

ADD THE ’

Figree 3 Flow of PROCEDURE NEXT
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I B PROCEDURE BPAN
. ) :
T This prooedure (found in UNIT DASSA) allows the user to quiockly !
' oreate 3 tree structure. The user enters the !mmediate descendents of ;
{
selected nodes. If no descendents are to be added, the procedure will go 1
to the next sibling snd ask for descendents. If there are no sibiings l
1
[
left, the procedure will go up one level ask for descendents to the nest }
parent's sibling. Figure 4 shows the logic option tor the procedure. 1
¥
‘ 1
i
i
At the current Enter all : }
node in the the children nodes ’
depth-first - :
teur |
I : Update the z
[ parent node 1
Enter all the cell data |
children nodes (f.e. add !
downl ink) §
!
!
, Continue the Add one level ?
' depth-tirst and add first !
' tour (see descendent i
Figore 30 **] . :
At the same
level, add 2nd
3rd, eto.
descendents

Figure 4§ Flow Diagram ot PROCEDURE SPAN
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. PROCEDURE CALC
The caloulatlion of composite values (collapsing) for the f
i hierarohy s acoomplished through & modified depth-first tour. The ‘tree
' : is examined branch by branoh (that is, a path from the "root” node to an

attridute) and the ou;ulntlvc wolqhti ste calculated. Values baged o;
. the attributes are then computed and assigned to the appropriste node.
The logio for this process is shown in Figure 3. For esample, the first
brench that would be examined would be BEST ACFT - PERFdRHANCE - HI ALT.
The procedure would then calculatte the cumulative weight of ;acb’nodo

following the following eguation:

CUMULATIVE WEIGHT(NODE) = CUMULATIVE VEIGHT(PARENT) #

RELATIVE WEIGHT(NODE)

The tesulting ocunulatisre weights would be BEST ACFT 1.0, PERFORMANCE
0.14, and HI ALT 0. 042.

The value of the alternatives are then multiplied by the - 3
cumulistive weight of the upper nodes. This provides the actual value
contrihuttons of the atiributes to all parents. For ezample, let us
caloulate the walue of the contribution of attribute HI ALT to the
*root™ node BEST ACFT and intermediate node PERFORMANCE for alternative

F-d. i
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. - For WEST NODE:

: CONTRIBUTION OF H1 ALT
< TO BEST ACFT

nomerically:

CONTRIBUTION OF H1 ALT
TO BEST ACFT

For PERFORMANCE:

CONTRIBUTION OF HI ALT

an Ret IR AN oo N N TR
AU A

a e e e

et ——— s v— ——— L I .S T = PRI

(CYMULATIVE VEICHT(KI ALT)/
CUMULATIVE VTICKT(BEST AZFT)) *

.

VALUE(H] ALT, P-4}

(0.04371.00) * 43

1.8?

(CUMULATIVE WEIGHT(HI ALT)/
CUMULATIVE VEIGCHT(PERFORMANCE) ¢
VALUE(HT ALT,.F-42

(0.042/0.14) * 43
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For sach node visited in a
dapth-first tour

o s e e = - - —

Calculate the cunulatlive weight ot the
- . node, as the product of its relative
weight and the cumul:tive weight of
- its parent node. (The cumulative weight

- of the "root" node is 1.0
N Clear values
alternatives

st this node

For each lavel above the ocurrent node
for each alternative, add the product
of the cumulative weight at this node
and the value of that alternative at
this node to the value at the upper
levels (modifying as required)

I Write the data cell to mass storage

1

For each level up, until one is found
which will remain after the catl for

the next node in the tour, write tha

cell's information to mass storage

Figure 3 Collapsing the Hierarchy
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\ : V1. Varjable List

This section describes the global variable list which contains
variables available to all units and segments in the dass progras. These

variables can be tound in UNIT DASSA in the program listing.
GLOBAL VAR!ABLt'LIST

ANSVER STRINGC VARIABLE USED TO CONTAIN USER RESPONSES
TO VARIOUS NON-SINGLE LETTER PROMPTS.

ARAY . REAL ARRAY USED TO CONTAIN THE RELATIVE WEIGHTS
AND CUMULATIVE WEIGHTS OF THE BRANCK OF THE TREE
STRUCTURE CURRENTLY RESIDING IN THE ARRAY

CH . CHARACTER VARIABLE WHICH CONTAINS VARIOUS RESPONSES
FGR COMPUTER PROMPTED QUESTIONS AND MENUS

€MD STRING VARIABLE WHICH CONTAINS THE INPUTTED
COMMAND OPTION IN RESPONSE TO THE MAIN MENU

COMMENTSTRING STRINC VARIABLE WHICH CONTAINS THE NUMBER OF
BLANKS EQUAL TO THE CURRENT MAXIMUM COMMENT S8IZE

'i_ : DISKNANME STRING VARIABLE WHICK CONTAINS THE DISX NAML (VOLUME

. NAME) OF THE DISX WHICH CONTAINS THE NODE AND ALTERNATIVE
- DATA SETS FOR THE TREE STRUCTURE

A FILENANME STRING VARIABLE WHICH CONTAINS THE APPLE Il DISK
ia : . FILE NAME HOUSINC THE NODE INFORMATION FOR A TREE STRUCTURE
26
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FILEOFSYSTEMS STRINC VARIABLE WHICH CONTAINS THE APPLE Il DISK
FILE NAME HOUSING THE NAMES OF THE ALTERNATIVES FOR A TREE
STRUCTURE

l - i TLAG INTECER VARIABLE WHICH IDENTIFIES WHETHER ADDITIONS
S AKD DELETIONS FOR NODES AND ALTERNATIVES HAVE BEEN MADE AND
R - THAT THE TREE STRUCTURE HAS OR HAS NOT BEEN (RE)CALCULATED.
- IF THE FLAGC IS SET, VARNING MESSAGES WILL OCCUR IN OPTIONS
N D1S, REV, NUM (SECMENT PROCEDURE NUM) AND OPTION SEN (SEGMENT
) PROCEDURE SENSITIVITY).
[ - 0 = TREE HAS BEEN RECALCULATED
i 1 = TREE HAS NOT BEEN RECALCULATED

I INTECER VARIABLE WHICH IS USED AS A GENERALIZED
COUNTER USED THROUGHOUT ALL THE PROGRAM.

ICONT FLACS WHETHER TO CONTINUE OP NOT IN TRANVERSING
TREE CREATED BY PROCEDURES PRETOT, PRENEX, OR NEXT GROUP OF
ROUTINES TO TRANVERSE TREE.
0 =« DO NOT CONTINUE WITH PPOCESSING
1 = CONTINVE PROCESSING

IFADD FLACS RELATIONSHIP OF IFIND NODE TO INPUT NODE,
1 = IFIND IS PARENT TO INPUT NODE
3 = IFIND IS BROTHER TO INPUT NODE

IFIND POINTS TO CELL CONTAINING THE TERMINAL OF THE
BRANCH OF NODES WHICH MATCH THE INPUT NRN VECTOR.

IRAY INTEGER ARRAY WHICH HOUSES A BRANCH OF THE
\ TREE STRUCTURE AND CONTAINS THE NODE NUMBER,
POSITION OF THE NODE ON THE SPAN, DOWNLIKK,
CROSSLINK, BACKLINK AND UPLINK

1STR STRING VARIABLE AUXILIARY TO STRING VARIABLE
ANSWER. CONTAINS USER INPUTTED RESPONSES TO VARIOUS NON-SINGLE
LETTER PROMPTS.

ITOTL FLACS TYPE OF TREE TRANVERSAL
0 « NOT A TOTAL TREE TRAVERSAL

27
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LABELSTRING

LATT

LVL

NCROSS

NDIFF

NFLAG

NLVLS

NNODES

1 = TOTAL DOWN NODE TRAVERSAL (FROM
" INPUT NODE ON DOWN)

INTEGER VARIABLE WHICH 1S USED AS A GENERALIZED
COUNTER USED THROUGHOUT THE PROGRAM.

STRINGC VARIABLE WHICH CONTAINS NODE LABELS
AT THE TIME OF ENTRY (PROCEDURE SPAN IN SEGCMENT PROCEDURE
Uy

CONTAINS THE LABEL FOR THE ATTRIBUTES (REGRET
OR VALUE)

LENGCTH OF LEVEL NRN VECTOR (FROM FIND). ALSO
USED TO DETERMINE THE CURRENT DEPTH OF THE BRANCK CURRENTLY
IN THE ARRAYS.

INTECER VARIABLE WHICH CONTAINS THE NUMBER OF

NODES ON A GIVEN SPAN. USED IN PROCEDURE CROSS (UNIT DASSA)
AND THOSE ROUTINES WHICH USE PROCEDURE CROSS (PROCEDURE DISPLAY
(SEGMENT FROCEDURE NUM) AND SECMENT PROCEDURE SENSITIVITY).

THE DEPTH OF THE TREE STRUCTURE
(MAXIMUM NUMBER OF LEVELS, MAXMUM NLVLS).
CALC (PROCEDURE SEGMENT WVLOAD).

SET BY

NUMBER OF LCVELS NOT MATCHED IN NRNVECTOR
(LENGTH INPUT VECTOR) - (LENCTH OF IFIND VECTOR)

FLAG WHICH INDICATES WHETHER OR NOT AN
OPEN DISK FILE IS PRESENTLY OPEN. USED IN PROCEDURE SELECTFILE
IN SECMENT PROCEDURE DUMMY.

CONTAINS THE LENGTH OF THE INPUT NRN VECTOR
(LEVEL)

'NUMBER OF NODES IN TREE

18
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e NODELABEL STRING ARRAY USED TO ROUSE THE TITLES OF VARIOUS
f: NODES CURRENTLY RESIDING IN ARRAYS IRAY,. ARAY, AND VRAY.
7
i ) NRNVECTOR CONTAINS THE INPUT NRN VECTOR (NUMBERS)
NSYS * NUMBER OF ALTERNATIVES (SYSTEMS) TO BE CON3IDERED
; OLDCELLNUNM INTEGER VARIABLE USED IN PROCEDURE SPAN (SECNENT
' PROCEDURE DUMMY) WHICH CONTAINS PRIOR CELL INFORMATION
t'\ IN THE CONSTRUCTION OF THE TREE
.:{: QUESTION STRING VARIABLE WHICH CONTAINS TK*® PROMPT
E}: FOR WHICH A USER R!SPONSE VILL BE REQUIRED

)
.

RECORDED INTECER VARIABLE NOT USED

TITLE " STRING VARIABLE VHICH CONTAINS THE TITLE
OF THE TREE STRUCTURE

e = VRAY REAL ARRAY WHICH CONTAINS THE VALUES OF THE
Y - i ALTERNATIVES FOR GIVEN NODES FOR THE BRANCH CURRENTLY
RESIDING THE ARRAY

1
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l - : SEGMENT VARIASLES

This seotlon dlscussoé all local variables that ate used in
the program. Note that segments are enclosed by asterisks and
local procedures within the segment are laballed by lasding and trailing

asterisks.

SRACR AR R RN NS RERRRRARRARERERERRAREREERAARRANARANRERRRSY

] ' &
L] UNIT DASSA b
] ’ 2

SR REARAR RN R RN R AN SR ARA R AN AR AR RARRARRKEAREARRRRRRRANERAS

stess PROCEDURES NODEDISXTOARRAY, NODEARRAYTODISK fsest

H INTECER COUNTER USED TO LOAD ALTERNATIVE VALUES TO OR
FROM VRAY TO DISK FILES

¢ INTECER ARCUMENT WHICHK SPECIFIES WHICH ROW IN ARRAYS
IRAY, ARAY, AND VRAY THE DATA I8 COING TO OR COMINGC FROM

snass PROCEDURE NEXT #wesg

[4 INTEGER USED TO HOLD CURRENT VALUE OF LEVEL IN ARRAYS
IRAY, ARAY, AND VRAY

sxees PROCEDURE FIND weexse

CONTFLAC IATEGER FLAC WHICH IS RESET WHEN THE INPUT NRN DOES NOT
MATCH THE CURRENT BRANCH IN ARRAY IRAY BUT A SIBLING
EXISTS
0
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J INTEGER VARIABLE USED A8 A TREE LEVEL INDICATOR

QUITFLAC INTEGER FLAG WHICH EXITS PROCEDURE FIND
1 = END PROCESSING
0 = CONTINUE PROCEBBING

. *sees PROCEDURE NODIN seese
> ' 1 INTECER COUNTER
- vaL STRING CONSTANT CONTAINING ALL PERMISSIBLE ELEMENTS THAT

CAN BE IN AN NRN

H STRINC VARIABLE USED TO EXAMINE THE USER ENTERED NRN
ELEMENT BY ELEMENT ’

tstes PROCEDURE INTTOSTRING «axss

L INTECER ARGUMENT WHICH IS INTECER TO BE CONVERTED INTO
STRINC TEXT

JLONG LONG INTEGER TO CONVERT VARIABLE I (this procedure) INTO
A STRING

tntes FUNCTION STRTOREAL wenee

FLAC INTEGER FLAG
0 = EXAMINE TEMP AS A TENS DICIT
1 = EIAMINE TEMP AS A TENTHS DICIT

1 INTEGER COUNTER ;
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TEN?

TENS

TENTHS

VAL

STRING INPUT ARCUMENT

INTEGER VARIABLE WHICH STATES THE NUMBER OF PLACES
TEMP 1S TO THE RIGHT OF THE DECIMAL POINT

INTEGER COUNTER

STRING VARIABLE CARRYING A SINGLE OF STRING ISTR (this
procedure)

REAL VARIABLE CONTAINING THE NUMERICAL VALUES OF THE TENS
DICITS IN VARIABLE jSTﬁ (this procedure)

REAL VARIABLE CONTINUING THE DECIMAL VALUES OF THE
TENTHS DIGITS IN VARIABLE ISTR (this proocedure)

STRING CONSTANT CONTAINING ALL PERMISSIBLE ELEMENTS
THAT CAN BE IN A NRN :

REAL VARIABLE TRANSLATING THE POSITION OF TEMP (this
procadura) IN VAL (this procedure) INTO A NUMBER

snsse PROCEDURE CROSS sanss

INTEGER VARIABLE UHlCﬁ IS A STORAGE VARIABLE FOR
VARIABLE LVL (see GLOBAL VARIABLES)
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* ]
s SEGMENT PROCEDURE DUMNMY s
L] ]

CONTROL USED BY PROCEDURE GRAPHICS TO INDICATE VHICH VIRE
BLOCK (1..5) 18 TO BE DRAWN

texas PROCEDURE GRAPHICS taaae

ANS STRING VARIABLE WHICH HOLDS THE INPUT CHARACTER FOR
FURTHER PROCESSING (STRING OPERATIONS CANNOT BE DONE
ON VARIABLE CHAR)

J INTEGER VARIABLE VUSED TO HOLD THE NUMERIC ASCI! VALUE OF
A CHARACTER : :

t 98 | INTEGER VARIABLES USED AS SCREEN COORDINATES FOR GRAPHICS

ssezt PROCEDURE LABELS wtaee

I,y INTECER ARGUMENTS WHICH INDICATE THE LOWER LEFT-HAND
CORNER WHERE CHARACTERS ARE TO BE DISPLAYED

I INTECER HOLDING CELL FOR VARIABLE X (this procedure)
taete PROCEDURE DRAWBLK ttfer

I.Y INTECER ARCUMENTS WHICH INDICATE THE LOWVER LEFT-HAND
CORNER WHERE THE NODE BLOCKS ARE TO BE DRAWN

13
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L SEGMENT PROCEDVRE WVLOAD *

BERAREASAREENRRRREARAERANEARARAENRNRARANNCARERNERIARS

ANS STRINC YARIABLE WHICH HOLDS THE INPUT CHARACTER CH
(see GLOBAL VARIABLES) FOR FUTURE STRING OPER’TIONS
CH1 CHARACTER VARIABLE WHICH CONTAINS RESPONSE TO VARIOUS
OPTION WVC SINGLE CHARACTER RESPONSE PROMPTS
COLOR ARRAY USED TO IDENTIFY COLORS USED IN DISPLAYS
EXITFLAC INTEGER FLAG USED TO INDICATE NORMAL EXIT FROM PROCEDURE
RDV . :
J.X,L INTECER VARIABLES USED AS° COUNYERS AND ARRAY INDICES
LABEL1 STRING VARIABLE WHICH CONTAINS °‘VEIGHTS' OR 'VALUE'
DEPENDING ON THE SUB-OPTION SELECTED. USED IN OUTPUT
DISPLAYS
OPT CHARACTER VARIABLE WKICH CONTAINS USER INPUT SUB-OPTION
UNDER OPTION WVC
PPOS INTECER VARIABLE WHICH CONTAINS THE CURRENT » . LIAT.
BEINC DISPLAYED (f FIRST ALTERNATIVE, ETC)
1.Y INTEGER VARIABLES WHICH ARE USED AS THE SCREEN COORDINATES
FOR CRAPHICS. THEY OFTEN INDICATE THE LOWER LEFT-HAND
CORNER FOR CHARACTERS, BARS AMD BOXES
X1 INTECER VARIABLE CONTAINING THE ABSOLUTE LEFT MARGIN
OF GRAPHICS SCREEN. USED IN INTERACTIVE GRAPHICS
VRAY1 REAL ARRAY WHICH CONTAINS THE INPUTTED NEW VALUES
{
]}
r
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OF ALTERNATIVES FOR A SPECITIED ATTRIBUTE. LOADED
INTO VRAY (see GLOBAL VARIABLES) WHEN SUS-OPTION VALUER
18 EXITED NORMALLY

tsxes PROCEDURE DRAVEAR trsae

l"

tassx PROCEDURE SQUARES satss

A, B

x>

INTEGER ARSUMENT -REPRESENTING THE X AND Y SCREEN COORDINATES
OF A COLOR BAR . .

INTEGER ARGUMENT REPRESENTING THE ALTERNATIVE (1<FIRST
ALTERNATIVE, ETC) - :

REAL ARGUMENT REPRESENTING THE WORTH VALUE OF THE
ALTERNATIVE SPECIFIED BY VARIABLE C (this procedure)

INTECER ARCUMENTS REPRESENTING THE X AND Y SCREEN
COORDINATES OF THE LOWER LEFT-HAND CORNER OF NODE
BOXES

tsaxs PROCEDURE RDWT assee

INT

LR

INTECER VARIABLE CONTAINING TRUNCATED RELATIVE VEIGHTS
MULTIPLIED BY 100

INTEGER COUNTER AND ARRAY INDEX

REAL VARIABLE USED AS THE SUM OF ALL INFUT VEICHTS FOR
NORMALIZATION ' ' -




ssess PROCEDURE CALC wawns

QUITFLAG INTEGER FLAC Wi'ICH 18 SET TO ONE WHEN A BRANCH OF A TREE

HAS BEEN PROCESSHED (CUMULATIVE WEICHTS CALCULATED AND
VALUES ASSICNED)

. .

z REAL VARIABLE WHICH CONTAINS INTERMEDIATE NODE VALUES

RANRP AR RN R RO ERARRARARRELNASARRRADASARRRAARANRANES

* ]
. SEGMENT PROCEDURE NUM *
. *

CERERERERAREEEREEARAARANRARNAPAPARNERNERNANRARARARRANRR

CH1 CHARACTER VARIABLE WHICH CONTAINS RESPONSES TO OPTION
NUM SINCLE CHARACTER RESPC” PROMPTS

r FILE OF CHARACTERS USED AS AN OUTPUT BUFFER TO THE CONSOLE
OR THE LINE PRINTER

J INTEGER COUNTER AND ARRAY INDEY

; ouT STRING VARIABLE - NOT USED

tesss PROCEDURE DISPLAY srasy

1,9,X.1 sNTECER COUNTERS AND INDICES

swsess PROCEDURE DISPLAYS sneay

1.J.,%.L INTEGER COUNTERS AND INDICES

3
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t#eess PROCEDURE DISPLAYZ frten

CONTROL INTLGeR VARIABLE WHICH CONTAINS THE NODE DIGIT VALUE
OF A DESCENDENT DURING GRAPHICAL DISPLAY

FLAG2 SPECIFIES PARTICULAR GRAPHICAL DISPLAY PACKAGE
§ = DESCENDENT DISPLAY (BARS UNDER NODE BOX)
2 = PARENT DISPLAY (BARS TO THE RICHT OF NODE BOX)

3 = LIGEND
J INTEGER COUNTER AND ARRAY INDEX
XY INTEGCER SCREEN COORDINATES FOR A VARIETY OF GRAPHICAL

ITEMS. FOR BOXES AND CHARACTERS, THEY REPRESENT THKE
LOWER LEFT-HAND CORNER

sassx PROCEDURE BYSBLK stare

CONTHOL1Y INTEGER VARIABLE WHICH IDENTIFJES ALTERNATIVES DURING
COLOR BAR PRINTOUTS

11 INTECER VARIABLE WHICH CONTAINS THE SCALED HEIGHT
. i OF COLOR BARS (43 VERTICAL SCREEN LINES IS 100 IN
) ALTERNATIVE VALUE)

RERER AN RN AANRARNCN A RN RN R RRRRARNRRNARRACARANRANRE

. *
- L BECY INT PROCEDURE SENSITIVITY .
- . "

[

RERERAR R RN R RN AR ARE AR ARNRAREN AN AR EARARRARNARRANRRNER

Yo 4t U
AN 0 .

CH1 CHARACTER VARIABLE WHICH CONTAINS RESPONSES TO SENSITIVITY
SINGLE CHARACTEL RESFONSE PROMPTS

REAL VARIABLE COMTAINING THE IMTERVAL SIZE BETWLEN THE
“ROOT" NODE VALUE AXIS (X-AXIS) ON THE SENSITIVITI CRAPH

37
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INDX

MAX

HIN

SENS

SYSNAME

SYSNUM

WDELTA

VHOLD

WHMAX

B T
alacac s aia Laiaay -

D I L A S U

lalaiac

A P A e Sl S A At et T T Y T W T e T T T Y W W v

INTEGER COUNTERS AND ARRAY INDICES

INTEGER CONTAINING KODE DICIT OF NODE WHEN RELATIVE
VEIGCHT SENSITIVITY ANALYSIS IS CONDUCTED

REAL VARIABLE CONTAIMING THE MAXIMUM VALUE OF ALL THE
ALTERNATIVES FOR THE ENTIRE SENSITIVITY ANALYSIS IF
EXPANDED GRAPHICS 1S EXERCISED. ELSE 100

REAL VARIABLE CUNTAINING THE MINIMUM VALUE OF ALL THE
ALTERNATIVES FOR THE ENTIRE SENSITIVITY ANALYSIS IF
" EXPANDED CRAPHICS IS EXERCISED. ELSE 0 ’

"SBTRINGC VARIABLE WHICH CONTAINS THE TYPE OF SENSITIVITY
ANALYSIS BEING CONDUCTED (CUMWT, RELWT, OR VALUE)

STRINGC VARIABLE HOLDING ALTERNATIVE MAME WHEN VALUE
SENSITIVITY 1S INVOKED

INTEGER VARIABLE HOLDING SYSNAME (this procedure) FPOSITION
IN THE SYSTEM RECCRD FILE (see GLOBAL VARIABLES)

REAL VARIABLE NOT USED

REAL VARIABLE WHICH CONTAINS THE STEP SIZE OF THE PERTURBED
VARIABLE (CUMLATIVE VEIGHT, RELATIVE WEICHT "R ATTRIBUTE
VALUE) '

REAL ARRAY HOLDINC ALTERNATIVE VALUES BY ALTERNATIVES

IN COLUMNS AND t1 VARIABLE PERTURBATIONS (CUMULATIVE WEICHT,
RELATIVE WEICHT, OR ATTRIBUTE VALUE) IN THE ROWS. ROV 0
HOLDS THE MINIMUM PERTURBATION, ROW 10 HOLDS THE MAXIMUM

REAL VARIABLE CONTAINING THE MAXIMUM POSS1BLE INPUT
VALUE (1.0 FOR WEYGHTS AND 100 FOR VALUES). IF WNAIXL
{this procedure) IS LESS THAN THESE MAXIMUMS AND

3
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I GREATER THAN VMIN, WIIAX IS WHAX1

s . VMAXL REAL VARIABLE WHICH CONTAINS THE VSER INPUTTED MAXIMUM
S : VALUE TO BE USED IN THE SENSITIVITY ANALYS1S

. . VMIN REAL VARIABLE WHICH CONTAINS THE USER INPUTTED MINIMUM
X VALUE TO BE USED IN THE SENSITIVITY ANALYSIS
I REAL VARIABLE WHICH CONTAINS THE VALUE OF THE “ROOT"

NODE FOR DISPLAY ON THE X-AXIS OF THE SENSITIVITY GRAPH

tsxst PROCEDURE CALCARRAY nasxe

CONTROL INTEGER VARIABLE WHICH INVOKES THE NECESSARY SENSITIVITY
ANALYSIS DEPEMDING ON ITS VALUE
1 = CUMULATIVE WEIGHT
2 = RELATIVE VWEIGHT

3 = YALUE
NEWSUN REAL VARIABLE NOT USED
EUNM REAL VARIABLE CONTAINING ONE MINUS THE RELATIVE WEIGHT

OF THE PERTURBED NODE WHICH IS USED TO INSURE
PROPORTIONALITY AMONG THE SIBLINGCS DURING RELATIVE WEICHT
SENSITIVITY ANALYSIS ’

VTEMP REAL VARIABLE NOT USED
txetr PROCEDURE HEADERS ftexe
! INTEGER ARCUMENT WHICH SELECTS VARIOUS OUTPUT HEADERS.

WHEN EQUAL TO TWO, I 18 ALSO USED AS AN ARRAY INDEX

sxass PROCEDURE TAEDISPLAY fxsax
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A STRING VARIABLE USED TO DETERMINE REGRET (PUTTING TKE
ASTERISK ON THE LOWEST VALUE) OR NOT REGRET (PUTTING
. ' THE ASTERISK ON THE HIGHEST VALUE)

F FILE OF CHAR USED A8 AN OUTPUT BUFFER TO CONSOLE OR LINE
PRINTER
STAR INTECER VARIABLE CONTAINING THE NUMBER OF THE ALTERNATIVE

IN ARRAY WHOLD (see SEGMENT PROCEDURE SENSITIVITY) WHICH
HAS THE LOWEST VALUE (IF VARIABLE A (this procedure) IS
'R') OR THE HIGHEST VALUE (IF VARIABLE A (this procedure)
1S NOT *R'). AN ASTERISK WILL BE PLACED BY THIS VALUE

v REAL VARIABLE CONTAINING CURRENT " JOVEST VALUE OR CURRENT
HIGHEST VALUE DEPENDING ON VARIABLE A (this pcoocedure)
DURING THE SEARCH FOR THE LOWEST OR HIGCHEST VALUE OF A
CIVEN ROV OF WHOLD (see SEGCMENT PROCEDURE SENSITIVITY)

tssss PROCEDURE GCRAPH ®nane ° -

ll.Jf INTECER VARIABLES WHICH CONTAIN THE X AND Y SCREEN
COORDINATES WHERE THE LINES OF THE ALTERNATIVES ARE TO
BE DRAVN ON THE SENSITIVITY GRAPH

K INTEGER COUNTER

COLOR ARRAY OF AVAILABLE COLORS USED IN THE SENSITIVITY CRAPH
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RETRRERAENEORAAARUNARRNAAUARRASRRERRERACREANARNRALRD !

Y L]
N . SECMENT PROCEDURE READSYSTENS L
. " s

,  RERRNR AR R R SR AR RN R AP R NN R R RARA R RER SIS AARRANSERANRNEREN

sastx PROCEDURE NIV frnas

R RN L)
i
-~

SYSLABEL STRING VARIABLE USED TO READ IN ALTERNATIVE LABELS

fL._\ sssxs PROCEDURE DELSYS stant
SYS STRIS ARRAY CONTAINING ALL CURRENT ALTERNATIVE NAMES

PRESENTLY EVALUATED IN HIERARCHICAL STRUCTURE

J INTECER COUNTER

RN R AR AN NN R NN RO RN AR RN RO AR ARRANEARERRENARRACRERNENRE

% "
L SEGMENT PROCEDURE MODPRU .
] ]

RRRRRRRANEERARA R RARNERERRR RN ARARRERRERARRRENARANANKNR

sxxet PROCEDURE PRUNE wenns

FLAG! INTEGER FLAG (IN PROCEDURZ GRAPHICS) WHICH GOES FRONM
0 TO ! ""1EN THE LAST NODE 1S REACHED AFTER PRUNING.
USED TO COUNT NEV NUMBER OF HODES.

J.K INTEGER ARRAY INDEX AND COUNTERS

NEWLVL INTEGER VARIABLE CONTAINING THE NUMBER OF LEVELS IN THE
HYERARCHICAL STRUCTURE AFTER PRUNING

L}
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NEWNNODES INTEGER VARIABLE WHICK CONTAINS THE NUMBER OF NODES IN
THE TREE AFTER PRUNINC

PRAY INTEGER ARRAY WHICH CONTAINS ALL LINKS FOR ALL THE NODES
IN THE HIERARCHICAL TREE. NODE NUMBER RUNS ALONG THE
COLUMNS .
ROV § THE NUMBER 1. . NUMBER OF NODES (0 MEANS NO NODE)
ROW 2 THE NUMBER 1..NUMBER OF NODES (ALTERED
DURING PRUNING - 0 IF NO NODE)
ROW 3 NODE DICIT
ROW 4 DOWNLINK
ROW § CROSSLINK
ROV § BACKLINK
PRNUM INTEGER VARIABLE CONTAINING THE NODE RTCORD NUMBER OF

NODE TO

teens PROCEDURE MODIFY nanse

1QuIT SET FROM 0 TO 1 WHEN THE USER WISHES TO EXIT THE
OPTION »OD PRIOR TO ERTERING A NEVW LABEL ENTRY

BE PRUNED
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i' . The program consists of several segments which allows greater

. program oapability. The tollowing Iist show all the procedures that are
KN s

;: - currently in the DASS program. When the preocedure is indented, it mesans

PROCEDURE
PROZEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
FUNCTION

PROCEDURE

PROCEDURE

PROCEDURE
PROCEDURE
‘PROCEDURE
PROCEDURE
PROCEDURE

PROCEDURE

PROCEDURE
PROCEDURE

VIl. frogram Structure

that the procedure is local to the program above tt.

PROGRAM DASS;
UNIT DASSA;

NODEDISKTOARRAY;
NODEARRAYTODISK;
NEIT;

FIND;

NODIN;

PRENEYX;
ANSWERTOQUESTION;
MASTERNODZSETUP;
PRETOT;
INTTOSTRING;
NUMTOSTRING;
STRTOREAL;
CROSS;

SECMENT PROCEDURE DUMMY;

GRAPHICS;

PROCEDURE LABELS;
PROCEDURE DRAVWBLK;

LARELATTRIBUTES;
READTITLE;

SPAN;
INITIALIZE;
SELECTFILE;

SEGMENT PROCEDURE WVLOAD;

RDV; g

PROCEDURE DRAWBAR;
PROCEDURE SQUARES;
PROCEDURE SETUUP;

REVT;
CALC;

PROCEDURE WVLOADS;

LK
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SECMENT PROCEDURE NUNM;
- PROCEDURE OUTDEVICE;
- - ' PROCEDURE NUMERICREVIEW;
n : PROCEDURE NEVPC; -
PROCEDURE DISPLAY;
. . PROCEDURE DISPLAYY; .
' PROCEDURE DISPLAYZ;
' PROCEDURE WTS;
PROCEDURE DRAWBLK;
PROCEDURE SYSBLK;
PROCEDURE DISPLAYO;

SECMENT PROCEDURE SENSTIVITY;
PROCEDURE ANYXEY;
PROCEDURE WARNINW;
- PROCEDURE DETERMINENODE;
PROCEDURE SENVALUE;
PROCEDURE CALCARRAY;
PROCRDURE HEADERS;
" PROCEDURE TABDISPLAY;
PROCEDURE CRAPH;
PROCEDURE GRAPHHEADER;

SEGMENT FROCEDURE READSYSTEMLABELS;
PROCEDURE NEW; .
PROCEDURE DELSYS; )

PROCEDURE ADDSYS;

SEGMENT PROCEDURE MODP !VU;
PROCEDURE PRUNE;
PROCEDURE WDOT;
PROCEDURE RELINK;
FROCEDURE COMPRESS;
PROCEDURE REVRITE;
PROCEDURE MODIFY;

PROCEDUVRE STAT;

LN
'
R N

0

In the program listing that follows, each prograim will contain a

s Y
)

PR
% ST
]

/

- summary enclosed with astarisks (*). In the summary, the name of the

[ 3

procedure will be repeated. In addition, a brief discussicn of the

purpese or nature of the proceducre is presented. Following that, a list

LL
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of procedures which call the procedurs will be presented. The format

lists the segment the call is from and then speacifies the procedsre

t e e me e cem et

name(s) in parentheses. Next, {s & 1list of procedure nime(s) that the

s LR . 2"« 4 2 A WEERE. .

procedure oalles during its execution. Finally, a listing of variadles is
ptovided, being divided into two groups. The first group (labelled USED)

indioates those variablas which acze used but not changed while the !

rse e
BT

'S

proocedure is baing executed. The second group (labelled MODITIED) ixo

-y

.
« 4 a
A eea o e

those values which may change during emecution of the prooedure. Note

) that {1 the procedure calls snother preocedure, variables which ohange
. values under the sescond call wiil ne( appear in the original variable
Tist.
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- . ‘ {* PROCRAM DABS *)

W A - i
v PROGRAM DASS; (%$Cs,Se,LPRINTER:*) ;
b i
(Y . i
\t - . (R SERRARARRERRRARARRERRARRRREN SRR RRACERARRANEARRARAEREERRERNNERER :
WY ) :

PROCRAN DASS

USE: MAIN PROCRAM FOR THE DECESION ANALYSIS SUPPORT SYSTENM.
CONSISTS OF ONE UNIT (DASSA), SIX SEGHENTS (DUMMY,
VVLOAD,NUM,SENSITIVITY, READSYSTEMLABELS ,MODPRU) AND
ONE PROCEDURE (STAT). GLOBAL VARIABLES ARE FOUND IN
URIT DASSA. SECMENT VARIABLES ARE FOUND IN THE
VARIOUS SEGCMENTS AND SUB-PROCEDURES IN THE RESPECTIVE
SEGMENTS. _
THE MAIN PROCRAM GENERALLY 3ETS UP THE VARIABLES
CRITICAL IN RUNNINC OPTIONS AND BOLICITS TAZ COMMAND
OPTIONS. IN EXECUTING THE DON OPTION, THE MAIN
_CLOSES ALL OPEN FILES AND ELEGANTLY RETURNS CONTROL
TO THE DISK OPERATING SYSTEM. :
[ 38 NOTE tstet
UNIT DASSA MUST BE COMPILED SEPARATELY AND LOADED INTO
THE SYSTEM.LIERARY (UNDER APPLE Il PASCAL OPERATIONS)
TOR THE REST OF THE PROGRAM TO BE COMPILED CORRECTLY.
‘IN ADDITION, OPTIONS ALLOWING GCOTO AND MEMORY SWAPPING
MUST BE PRESENT.

PROGRAM USES THREE UNITS:
UNIT DASSA CONTAINS FUNCTIONS NECESSARY TO RUN
THE DASS PROGRAM AND CAN BE
MODIFIED.
UNIT TURTLECRAPHICS CONTAINS FUNCTIONS
NECESSARY TO CONDUCT THE GRAPHICS
_CAPABILITY OF TKE APPLE I1 MICRO-
COMPUTER. THIS UNIT CANNOT BE
~ MODIFIED BY THE USER.
UNIT APPLESTUFF CONTAINS THE FUNCTION WHICH
ALLOWS THE COMPUTER TO WALIT UNTIL A
SINGLE KEY 18 DEPRESSED (KEYPRESS)
THIS UNIT CANNOT BE MODIF!ED BY rut
USER.

[Ty e SEEE S C

CALLED BY: (none)
ROUTINES CALLED: SECMENT PROCEDURE DUMMY
. SEGMENT PROCEDURE WVLOAD
SECMENT PROCEDURE NUM
.SEGMENT PROCEDURE SENSITIVITY
SECMENT PROCEDURE READSYSTEMLABELS
‘SEGMENT PROCEDURE MODPRY
FROCEDURE STAT

[ T E E N R E N E N N e I BN S B S NN A A
.-.b‘..'.'-.Q......-........-..-..'..-..-..‘.

VARIABLES:
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(* PROGRAM DASS »)

LI USED: TENSTRING,TITLE,LATT,NNODES NDEEP.NSYS,FLAG .
. {see UNIT DASSA) . :
* MODIFIED: CMD,NODECRATIONALE,NODETITLE, CELLNUMBER, . :
e NRNDIGIT, DOWNLINK, CROSSLINKI,FLAG,NSYS,NFLAC,* :
. NDEEP . COMMENTSTRING, LABELSTRING, IRAY . k
. (ses UNIT DASSA) . -

L] L]

CRREERAN KRR REREERRARE LS ANERARRARARARRAREREARNANAANANRIXAARAREGRNE 0)

USES DASSA, APPLESTUFF, TURTLEGRAPHICS;

° {

“
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i (% UNIT DASSA ®)
{ (29Gs,8+ *)

UNIT DASSA;

(R RN R R RERRER AR AR RN RNRAC A AN NSRRI R ARRSRCRCOSRRARRARENARANRRD
s .

UNIT DASSA

USE: CONTAINS THE CLOBAL VARIABLE LISTINGC AND
PROCEDURES WHICH ARE UNIVERSAL TO ALL
SECMENT PROCEDURES. THE UNIT IS NOT CALLED

.
'
s
®
t
EXPLICITLY, BUT IS USED WHENEVER THE PROCEDURES L
IN IT ARE CALLED. L
CALLED BY: (nona) - L]
ROUTINES CALLED: (none) L
VARIABLES: L
USED: (nane) b
MODIFIED: (mone) L

.

)

CRRENARNREARNNAANATARESLEARRARSAARRANEARARACRERAARATRNCERAARASARES &

INTERFACE

CONST
NAXSYSTEMZ=Y;
MMAXLABELSIZE=10;
MAXCOMMENTSIZEw=éO;
MAXARRAYSIZE=10;
MAXNUMBEROSFNQUES=101;
TENSTRINGs' s

i
VAR
COHHENTSTRING,LABBLSTR!NG,F!LSNAHt.ANSVER,PILEOFSYSTBHS,DI;KNAﬂE : STRXNG;
CH:CHAR; : .
NSYS, I,RECORDID ,NLVLS : INTECER;

CMD,ISTR,LATT,TITLE,QUESTION : STRING;
1CONT, IFADD,L,LVL,

FLAG,NFLAC,NCROSS, IFIND, 1TOTL ,NDEEP ,NDIFF,NNRN,NNODEB, OLDCELLNUNM :
©- : INTEGER; :

KODELABEL : ARRAYCO. .MAXARRAYSIZEY OF STRING;

TRAY : ARRAYID. .MAXARRAVSIZE,0..5] OF INTECER;

ARAY : ARRAYIO. MAXARRAYSIZE,1..21 GF REAL;

VRAY : ARRAYUO. . MAXARRAYSIZE,1.. MAXSYSTEMS) OF REAL;
NRNVECTOR :

ARRAY (0. .MPXARRAYSIZE} OF INTECER;

NODE:FILD OF RECORD )
RODETITLE : STRINCCMAXLABEL 12ZE);

CELLNUMBER, NRNDIGIT, DOWNLINK, CROSSLINK, BACKLINK : INTECER;

L]

LI

t e et

e e e

————
s < At =



NG S (x UNIT DABSA =)

RELVEIGHT, CUMWEIGCHT : REAL;
BYSTEMVALUES : ARRAY (1. MAXSYSTENS) OF REAL; . ‘
RATIONALE : STRINGIMAXCOMMENTSIZE); o ;
END; .

SYSTEMS:FILE OF RECORD
SYSTEMNAME : STRINGIMAXLABII®IZE)
END;

(* FROCEDURES IN DASSA =!

PRUZEDURE NODEDISKTOARRAY (X: INTEGER) ;
PROCEDURE NODEARRAYTOD1SK(Z:INTECER); S _ .
PROCEDURE NEXT; . _ |
PROCEDURE FIND; _ o i
PROCEDURE NODIN; » . '
PROCEDURE PRENEI; '
PROCEDURE ANSWERTOQUESTION:

PROCEDURE MASTERNODESETUP;

PROCEDURE PRETOT;

PROCEDURE INTTOSTRING(1:INTEGER);
PROCEDURE NUMTOSTRING(X:REAL);
FUNCTION STRTOREAL(ISTR:STRING):REAL;
PROCEDURE CROSS; )

el

IMPLEMENTATION . .

(1]
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o (% UNIT DASSA ®)
e PROCEDURE NODEDISKTOARRAY;

n {(® AN RRE R R R R AR AR RS R AR EEARRAASE SR ANSRNERRENRARRRENARNRASNRRARERS
) |

PROCEDURE NODEDISKTOARRAY .
USE: TO TRANSFER DATA EAD IN FROM RECORD .
NODE TO THE IR’ ARAY, AND VRAY. *
REQUIRES AN ARC <ENT VHICH 1S EQUAL TO .

THE PARTICULAF 0V (SPECIFIC NODE AT A *
SPEC'FIC LEVI. IN TME TREE) IN THE ARRAYS. .

CALLED BY: UNIT DASSA (NEIT, CROSS, FIND) .
SECMENT PROCSDURE DUMMY (SELECTFILE) *

ROUTINES CALLED: (none) *
VAKIABLES: , *
USED: NODEfCELLNUMBER,NRND1GIT,DOVNLINK *
CROSSLINK,BACKLINK,RELWEICHT, CUNWEIGHT '
SYSTEMVALUES{1..NSYS) ,NODETITLE} .

NSYS (see UNIT DASSA) .

MODIFIED: NODELABEL., IRAY, ARAY, VRAY (see s

UNIT DASSA) . .

1 (see PROCEDURE NODEDISKTOARRAY) .

4

)

FRRRRRRERNEERNIERRARAFARANRARAREIRANRERSEARARRIASARANRAARRALR @

VAR
I: INTECER;

BECIN
VITH NODEA DO
BEGIN
NODELABEL(X):«NODETITLE;
IRAY(X,0):=sCELLNUMBER;
TRAYLX,1):sNRNDIGIT;
IRAYUX,2):=DOWNLINK;
IRAY(X,3):«CROSSLINK,;
IRAY(X,4):=BACKLINK;
ARAYLX,11:=«RELWEIGKT;
ARAY(X,2):=CUMWEICGHT;

PR
£ a7
P

s
oo

R MR

AP S

- FOR I:=1 TO NSYS DO VRAYIX,I]:«SYSTEMVALUESII);
- END

END; (* END TRANSFERRING AECORD NODE DATA FROM DISK TO ARRAYS @)
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(v UNIT DASSA ®)

N 'l. '? 1
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PROCEDURE NODEARRAYTODISK;

v

.-‘

(e .Cll.l..llllll!..l'lllltllllillllllllllllllll'.l..ll..l.l't

ﬂ_
.
.l L

s
PROCEDURE NODEARRAYTODISK .
U3E: TO TRANSFER DATA READ IN FROM ARRAYS [RAY, ‘.
ARAY, VRAY, AND NODETITLE TO RECORD NODE. .

]

V.
-
e
b
r

[

[

3

[

L REQUIRES AN ARGUMENT WHICH I8 EQUAL TO

L THE PARTICULAR ROV (SPECIFIC NODE AT A L
L SPECIFI( LEVEL IN THE TREE) IN THE ARRAYS. b
e CALIED BY: SECMENT PROCEDURE DUMMY (SPAN) L]
* SECMENT PROCEDURE WVLOAD (RDWT,RDV,CALC) L
L) ROUTINES CALLED: (none) L]
L} VARIABLES: L
L) U3ED: NODELABEL, IRAY, ARAY, VRAY, NSYS ]
t (see UNIT DASSA) . L
® MODIFIED: NODE[CELLNUMBER,NRNDIGIT,DOWNLINK, L
" CROSSLINK,BACKLINK,RELVEICHT, CUMWVEIGHT L]
L SYSTEMVALUES[1. .NSYS),NODETITLE: L
. (see UNIT DASSA) . L]
. I (see PROCEDURE NODEARRAYTODISK) L]
[ t
T )

RRREALRNLEAREREKEREARAERARARRERRRANRARRABARRAANARNAAANRIR ARKRN &

VAR
1 : INTECER;

BEGIN
VITH NODEA DO
BECIN
NODETITLE:sNODELABEL(X);
CELLNUMBER: =IRAY(X,0];
MRNDIGIT:=IRAY(X,132;
DOWNLINK:=IRAY{X,23;
CROSSLINK:=IRAYLX,3];
BACKLINK:=IRAYLX,4];
RELVEICHT : = ARAYEX,1);
CUMWVEIGHT: wARAYI[X,2];

FOR 1:e1 TO NSYS DO SYSTECMVALUESII]: «VRAY(X,13;
END ;
END; (* END TRANSFERRINC RECORD HODE DATA FROM ARRAY3 TO DISK ®)

31
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t* UNIT DASSA o)
PROCEDURE NEXT;

PRACEDURE wWpyy :

USE: THIS ROUTINE 15 ysep 70 FSRPORM A DEPTH-FIRsT
SEARCK OF THE TREE, Nopg BY NODE. THE vARiamLpg
NECESSARY AAL sNITIALIZED BY PROCLDUUES PRENEY
AD PRETOT, THEN Tup ROUTIME WILL PIRFORM THE
THE DEFTH-FIRST Spancy, NODE BY NOPE. A NEw nopR
18 ACCESSED Eacy Timp THAT PROCEDURE NEXT 1§
CALLED. ’ . : :

CALLED BY: secMrnT PROCEDURE DUMY (gpan)

SEGNENT PROCEDURE wvioap (JVLOADL)

ROVTINES CALLED: yNjp DASSA (NGDEDISKTOARRAY)

VARLABLES - ‘

. USED: NDIFF (ses UNIT pazsa) :
MODIFIED: Lvi,1mAY, 1cONT (see UNIT DASSA)
Z (see PROCEDURE NCIT)

® 2 ® ua " % A % e % » wn o
o-n-.--..u-'---

'I.t!‘lll'll"t.i'l!!!.I.ll!!lll'll'l’lll'!lll'a“.ll'..l X

LABEL 3;

VAR
Z : INTEGER;

BECIN
IFCIRAYCLVL,2) ¢ 0)

THEN
BEGIN
1: lf((LVL(-!)OR(LVL-NDIFF))
THEN ICONT: w0

| 181
BECIN
3:-‘V;;
lrfIRAYtLVL.S)(-D)
THEN '

BECIN .
LéVL:etvi.y,
¢OTO 1 :

END

kLse
BrC1in

31
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(* UNIT DASSA ®)
: SEEX(NODE, IRAYILVL,3));
: CETI(NODE),
i NODEDISKTOARRAY(2);
¢ IRAY(Z,5):«IRAYLLV.,0);
: LVL:wl
. IND
'* END
: END
! TSt
BECIN
. 1 I:wlVLey;
IFCIRAYCZ,0)eIRAYLLVL,33)
THEN LYL: w2
tLse
BECIN
SEEK(NODE, INAYCLVL,3);
CET(NODD) ;
NODEDISKTOARRAY(Z);
IRAY(Z,5]:alRAYCLVL,0D;
LVL:eZ
END
END .
END;  (* END NEIT %)
N |
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(* UNIT DASSA ®)
PROCEDURE FIND;

(F SORRRACRRARRURARNPRERERRUUERRERRERNEPRANERRESRRNARERNERE

—. e r
AR SOACRSALAY
'

.

]
PROCEDURE FIND L]
USE: THIS PROCEDURE SEARCHES THE TREE FOR A MATCH s
TO THE INPUT NODE INPUTTED BY PROCEDURE KODIN =@

UNIT DASSA. .
CALLED BY: UNIT DASSA (NODIN) L4
ROUTINES CALLED: UNIT DASSA (NODIDISXTOARRAY) *
VARIARLES: .
]

L]

4

]

e

| 4

L ]

)

s
Pt
|

USED: IFADD,IFIND, NDIFF, IRAY,NRNVECTOR
' {see UNIT DASSA)
MODIFIED: 1FADD,IFIND,NDIFF,ICONT,LVL
(see UNIT DASSA)
J,Z,CONTILAC,QUITFLAC
(see PROCEDURE FIND)

‘Al
"

. SRR AN IR AR TSN RN EA R RN RN IR RRRARRENARARANARACNRRRENSA #
VAR
CONTFLAGC ,QUITPLAG,J,2 : INTECER;

i - BEGIN
{ QUITFLAC:a0; .
IFADD:=2;
IFIND:el;
NDIFF:u0;
J:el;

REPEAT
BECIN
CONTFLAG: e} ;
IFCIRAY(J, 1 J«NRNVECTORLJIY)
THEN :
. BECIX
! IF(J=NLVLS)
: THEN
! BEGIN -
! : JCONT:al;
LVL:=J;
QUITFLAG: »!
END :

ELSE
JECIN
TFCIRAYCS,21¢1)
THEN
BECIN

54
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(% UNIT DASSA *)

IFADD:e2;
LVL:=J;
GQUITILAG: =t
END !

[ 1814
BEGIN Z:eJ4i;
IFCCCIRAYIZ, 1 JCINRNVECTORLZI)AND(IRAYLZ, 02X IRAYLJ,23))0R
CIRAYCZ,SICYIRAYLJ,0ID)

THEN
BEGIN
SEEXK(NODE, IRAY(J,23);
GET(NODE);
NODEDISKTOARRAY(2Z);
IRAYLZ,S5):=1RAY(J,012
IND;

J:adel
END
END
END

LSt
BEGIN

IFCIRAYLJ,3300)

THEN
SEGIN
SEEK(NODE, IRAYLJ,31);
CET(NODE) ;
NODEDISKTOARRAYJ);
CONTFLAG: =0
ERD

EL8E

BECIN

IFADD:=)3;

LVL:=J;

QUITFLAG: w1

END :

END

END
UNTILC(CIINLVLS)IOR(QUITFLAG(>0))AND(CONTFLACe1))

END; (* END PROCEDURE FIND ®)

‘e
‘e
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(* UNIT DABSA ®)
PROCEDURE NODIN;

] .

¢  PROCEDURE NODIN L4

® USE: READS IN USER INPUTTED NODE REFERENCE NUNMBER. a4

s HAS THE CAPABILITY TO FILTER NON-NUMERIC s .
) INPUTS. 1F AT LEAST ONE NUMBER HAS BEEM L)

s ENTERED, PROCEDURE FIND WILL BE INITIATED. L

®  CALLED BY: UNIT DASSA (PRENEX) L]

. SEGHENT PROCEDURE NUM (DISPLAY) e

¢ SECMENT PROCEDURE MODPRU (MOODIEY) a

¢  ROUTINES CALLED: UNIT DASSA (FIND) T
¢ VARIABLES: . 2

! USED: VAL (see PROCEDURE NODIN) e

. MODIFIED: NLVLS, ICONT,NRNVECTOR,,ANSWER t

) (see UNIT DASSA) . L

. 1.X (see PROCEDURE NODIN) ®

] .
RAARAANANANRERAENRANRNACARANREREANRNECRRACARERARRCRRARKS 0 )

CONST
VAL='0123456789°;

VAR
1:INTECER; .
X:8TRING;

SECIN

VRITELN(OUTPUT)Y;
WRITELN(OUTPUT, 'ENTER.. .NRN?*);
READLNCINPUT, ANSWER) ;
ANSWER:«CONCAT(' *, ANSVER);
NLVLS:e0;

ICONT:=0;

NRNVECTORLIO): e

FOR 1:=1 TO LENGCTH(ANSVER) DO
" BECIN
X:«COPY(ANSWER,1,1);
JP(POB(Z,VAL)()0)
THEN
BICIN
NLVLS :sNLVLSe1;
NRNVECTORINLVLS1:aPOS(I,VAL)-1;
IND
IND;

$é
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(* UNIT Dassa o)
IP(NLVLS)YO)
| THEN PZIND

v END; ¢®* END PROCEDURE NODIN o)

3?2

. R Lt J
ORGP S VR PV SR




(s UNIT DASSA ©)
PROCEDURE PRENIZX; .

]
PROCEDURE PRENEEZ .
USE: ELICITS A NODE REFEREINCE NUMRER FROM THE USER ¢
AND IF VALID, STARTS THE TREZ TRAVERSAL AT .

NODE. .
CALLED B3Y: SICMINT PROCEDURE DUMMY (SPAN) .
SECHENT PROCEDURE WVLOAD (WVLOAD3) .

SECHENT PROCEDURE NUN .

SECHENT PROCEDURE MODPRU (PRUNEK) .

RCUTINIS CALLED: UNIT DASSA (NODIN) .
VARIABLES: ]
USED: LVL,ICONT (see UNIT DASSA) )
MODIFIED: NDIFF,.ITOTL (see UNIT DARSA} .

]

)

NESRPRESRSNANERENERANNCASLLRNANRNLAANRARASRAREPENRASOGE &

8RCIN
NODIN;
IFCICONT() 0)
THEN
BECIN ‘
NDIEF:=lVL;
ITOTL: =0
END
IND; ts END PROCEDURE PRENEX @)

38
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(® UNIT DASSA 1)
PROCEDURE ANSVERTOQUESTION;

.
PROCEDURE ANSVERTOQGUESTION L
USE: VRITES OUT A PROMPT CARRIED BY THE VARIABLE e
QUESTION AND ACCEPTS A RESPONSE THROUGHT THE bd
VARIAELE ANSVER. LOOPS UNTIL THE LETTER T OR N L

18 DEPRESSED FOLLOVED BY A CARRIACS RETURN. L4
CALLED BY: SECMENT PROCEDURE WVLOAD (RDVT) L)
ROUTINES CALLED: (none) ®
VARJABLES: .
USED: QUISTION (see UNIT DASSA) L)
MODIFIED: ANSWER (see UNIT DASSA) .

]

]

BECIN
REPEAT

SECIN

VRITEC(OUTPUT,QUESTION) ;

READLN( INPUT, ANSVER)

END
UNTIL((ANSVER='Y ' )OR(ANSVERe'N*))
END; (* END FROCEDURE ANSVERTOQUESTION #)

3
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(® UNIT DASSA *)
PROCIJURE MASTERNODESETUP;

(8 SREERUEPREPERRENeaEReRRee RNl IeIReRaseaeRaetagnasesnnonnsss
. : .
PROCEDURE MASTERNODESEITU? L
USE: INITIALIZES THE VARIABLES AND ARRAYS UNEN CREATING L]
A NIV TREE STRUCTURE L

CALLED B3Y: SECHENT PROCEDURER DUMMY (SPAN,INITIALIZE) L
ROUTINES CALLED: (mone) . L
"VARIABLES: ’ L
USED: (noae) . : . L]
MODIFIED: NNODES , NODELABEL,IRAY,ARAY,LVY e

" {see UNIT DASSA)) L

.

SRSEERANNNNSTNERARACRORERARASARTENNARANRREIERQRARRARCRRORNERNAS &)

SECIN

NNODES:=0;

NODELABELCS) :«*MASTER®;

FOR 1:40 TO 4 DO IRAY(O0,1):e0;
ARAY(Q,1):00;

ARAYED,2):e0;
LVL:»8
END; " (% END PROCEDURE MASTERNODISETUP =)
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(8 UNIT DASSA ®)

PROCIDURE PRETOT;

(8 ARESRARENONRENFFVNNNNANCLCRREERERS SIS EPRRINIREREETRERSRRSRERE

.
PROCEDURE PREITOY e
USE: SETS ARRAY POINTELRS TO THE TOP OF THE TREL STAUCTURE ¢
TQ PREPARE TOR AN ENTIRE TRAVERSAL. L]
CALLED BY: SEGCMENT PROCEDURE DUMMY (SPAN) L]
SEGHNENT PROCEDURE WVLOAD (WVLOADI.CALC) L]

SECHENT PROCEDURE NuUM L

SECMENT PROCEDURE NMODPRU (PRUNE) "

ROUTINES CALLED: (menme) .
VARIABLES: ']
USED: NNODES (sea UNIT DABSA) ’
MODIFIED: ICONT, NDIFP,LVL,ITOTL <(see UNIT DASSA) L

.

)

eRResEsAanNtat AR RSRRROERSARNRENSERERRRGACRASREGRERCECAREREERS ¢
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BECIN

fCONT: i

NOIfr:ei;

LVL:el;

ITOTL:e};

1F(NNODES(1) THEN I1CONT:ed .
END; (* END PROCEDURE PRETOT %)
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(* UNIT DASSA ®)
PROCEDURE INTTOSTRING;

]
PROCEDURE INTTOSTRING L
USE: TRANSLATE AN INTECGER VALUEZ INTO A CHARACTER STRINC L
$0 THAT IT CAN BE PRINTED ON EITHER THE CONSOLE OR THE L4
PRINTER IN EITHER THE TEXIT OR GRAPHIC MODE. .
CALLED BY: SEICMENT PROCEDURE WVLOAD (SETUP) Ld
SECMENT PROCEDURE NUM (NUMERICREVIEV,DISPLAYY) e

SEGHENT PROCEDURE SENSITIVITY (KEADERS) L
]

*

e

[ ]

L]

[ ]

.

)

AAMMIEE  TAPLPAPAPLI

(I

ROUTINES CALLED: /mone)
VARIABLES:
USED: I (see PROCEDURE INTTOSTRINC)
MODIFIED: IS8TR (see UNIT DASSA)
JLONG (see PROCEDURE INTTOSTRING)

AR ESPRORNERARRARANEARRARRRRRCRACSRRNRERPRRARRRRNRARTERNGRRRRARNANSRARTS @

VAR
ILONG : INTZCER;

BECGIN
ILONG: el ;
BTRCILONC,ISTR);
ISTR:«COPYC(ISTR,LENCTHC(ISTR) ,1);

END; t* END PROCEDURE INTTOSTRINGC ®)

(¥}
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(s UNIT DASSA *)
PROCEDURE NUMTOSTRING;

(% egseeRENROARRREROROERERRERROROROEDRERRRREPROCSOSRESNNCRESNROEENRE
[] -

* PROCEDURE NUNTOSTRING .
* USE: TRANSLATE AN REAL NUMBER VALUE INTO A CHARACTER STRING ¢
. 80 THAT IT CAN BE PRINTED ON EJTHER THE CONSOLE OR THE ®
. PRINTER IN CITHER THE TEIT OR CRAPHIC MODE ]
¢ CALLED BY: SECMENT PROCEDURE VVLOAD (RDV) ]
. STCNINT PROCEDURE NUM (DISPLAY!,VWTS) ]
. STGNINT PROCIDURE SENSITIVITY (GRAFM,CRAFKHEADENS) o
t ROUTINES CALLED: (none) .
*  VARIABLES: _ ]
. USED: I (sew PROCEDURE NUMTOSTRING) *
* MODIFIED: ISTR (ses UNIT DASSA) ]
] ILONG tsee PROCEDURE NUNTOSTRING ]
[ ] ]
] [ ]
. )

VAR
ILONGC : INTEGER;

BEICIN

ILONG: e TRUNC(1007X);

STROILONG,ISTR);

IF (ILONGI3100) THEN ISTR:=CONCAT('0*,I8TR);
INSERT (°'. ', ISTR,PREDC(LENCTH(ISTR)));

ISTR: «CONCAT(' ‘L ISTR)Y;
- 1STR:eCOPY(ISTR,LENCTH(18TR)-3,4)
END,;

‘
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o T (e UMNIT DASSA ®)
FUNCTION STRTOREAL;

(® sossmapberRtedeisettstninecepetttedsgsossnastoanasngetoocness

* ®
®  JUNCTION STRTOREAL )
® USKE: TRANSLATE A STRINC VARIABLE AND RETURNS A REAL VALUR. L)
. CAPASBSLE OF TILTERING NON-NUMERIC CHARACTEIRS FROM THI L
L INFUT STRING. L4
s CALLED BY: SICMENT PROCEDURE VVLOAD (RDV, RDVT) .
L) SECMENT PROCEDURE SENSITIVITY(DETERMINENODE) ]
¢ ROVUTINES CALLED: (noae) ®
*  VARIABLES: ]
s USED: ISTR (gsse UNIT DASSA) [
L] VAL (see FTUNCTION STRTOREZAL) L
e MODIFIED: FLAG,X,TENS,TENTNS,!,TENP,J. 2. M .
L (sre FUNCTION STRYORLAL) . s
. .
] )

SARNeBRSRgRoRtRERSRERARRNERNESRSRRERRRRORRPRNRRRRERARTRRORNERARERE &

CONST
VAL='J12343478?.°;
Var
TENS, TENTHS ,Z:REAL;
1,0.X,M,FLAG: INTECER;
TEM?:STRING;

BECIN
FLAG: =6,
K:»f;
TENS: =8,
TENTHS : 0 ;
FOR §:»1 TO LENCTH(ISTR) DO
BICIN
TINP: s COPY(ANSVER,1.1);
J «sPOS(TEMP,VAL);
1IF(JCHY0)
THEN
SEGIN
IF(Jall)
. THEN TFLAC: st

144 11
IF(ILACY)
THEV¥
BECIN
I el-1;
FLAG:»?;
fOGR M:w! TO ¥ DO X »X/10;

(X

' R . v AN ataialmtiat .l atadatadaiadaian kol oAt s R
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(s UNIT DASSA *)

TENTHS : s TENTHS X ;
K:uKel
END

EL8E

BECIN
L:ad=1; .
TENS :«aTENS?10+X

END

END

END; :
STRTOREAL : =TENS+TENTH . . .
END; (®* END FUNCTION STRTOREAL ®)

e m———— e ——

’
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(e UNIT DASSA ®)

PROCEDURE CROSS;

.«
PRUPIPENEPIE ¥ L -t S )

.
PROCEDURE CROSS L]
USE: PLACES ALL THE NODES OF A DESCENDENT SPAN !N THE ARRAYS ¢
UNDERNEATH A CIVEN NOD:Z. ]
CALLED BY: SECMENT PROCEDURE NUM (DISPLAY,DISPLAYD) L]
SECMENT PROCEDURE .SENSITIVITY (DETERMINENODE) L]

ROUTINES CALLED: UNIT DASSACNODEDISXTOARRAY) L
VARIABLES: L
USED: (none) e
MODIFIED: LVL,NCROSS,IFADD,IRAY *

(sea UNIT DABSA) L]

L (sese PROCEDURE CROSS) 2

®

)

SRR NI R R I NN R R RARECRARRRANANNLERRARERRARTARIANSCALANANARARS &
T VAR
L: INTEGER;
BEGIN
k:sLVL;
NCROSS:20;
fFADD:wl;

: : WHILECIRAYLLVL,IFADDI<)0) DO
BECIN :

LVL:alVLel;
IRAYLLVL,0):=IRAYELVE-1,IFADDY;
SEEX(NODE, IRAYLLVL,02);

N CET(NODE) ;

' NODEDISKTOARRAY(LVL);

. - IFADD: =3

\ END;

NCROSS :wLVL-L;

: LVL:al
b END; (* END PROCEDURE CROSB +)
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(* UNIT DASSA @)
‘ (R RERERRRRRRERARSRARERERARRERRRREARACRRARRERD
L ] [ ]
. UNIT DASSA MAIN TEXIT ]
] s ]
SRS RRARASRERERSRNRNENRERRREPERENARRARRERRAS R)
{
¢ BECIN (s BECIN DASSA *)
g IND.
“
%
|
. L :
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(* UNIT DASSA *)

% ZSMENT PROCEDURE DUMMY;

(% ARRRRERRRRRARRRRRERARNRARNEERERARRNORNRARCEARENERRERNOARERACES

" .
J SECMENT PROCEDURE DUMMY L
L USE: THIS SECMENT CONTAINS THOSE ROUTINES WHICH ARE L
L USED TO GENERATEL NEV TREE STRUCTURES. IN ADDITION, ¢
t THI8 SEGCMENT 1S USED WHEN OPENING NEV nxsx FILES L)
s FOR SUBQUENT ACTIVITY. .
* CALLED BY: DASS L
] ROVTINES CALLED: SEGMENT PROCEDUR: DUMNY (GRAPH!CS, L
L] LABELATTRIBUTES,READTITLE,SPAN, L
] INITIALIZE, SBELECTFILE) L
L] VARIABLES: - L]
) USED: CMD L
L MODIFIED: <(none) L
s 3
. )

VAR
CONTROL : INTECGER;

- - ~ . . . - - ~ - - . - -
B 3L TSP I tete el e R B S s
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(& SECHMENT PROCEDURE DUMMY *)
PROCEDURE GRAPHICS;

.(l CERSRRARRNERERRECARERERO RSO RRRESPRORORBANEOQRORRACANSOBERNOOEES

| ] L
*  PROCEDURE CRAPHICS .
* USE. THIS PROCEDURE IS CALLED SY SPAN TO CKEATE A .
. GRAPHICAL DISPLAY OF THE TRET STRUCTURE AS IT I8 ¢
. CREATED. THIS GRAPHICAL PACKACE DRAVS THE VIRING ¢
' TREE DIACRAM AS VELL AS HANDLES THE LINKAGES FOR ¢
. INPUTTING NODE LABELS INTO THE TREE STRUCTURE. .
* THIS PROCEDURE HAS TWO SUBORDINATE PROCEDURES .
. (LABELS and DRAVELK) WHICH AID IN THE CRAPHICS .
* DISPLAY. ]
*  CALLED BY: SECMENT PROCEDURE DUMMY (SPAN) B
*  ROUTINES CALLED: SEGMENT PROCEDURE DUMMY (LABELS,DRAVEBLK) ¢
®  VARIABLES: *
. USED: NODELABEL (see UNIT DASSA) ]
. CONTROL (see SECMENT PROCEDURT DUMMY) .
* MODIFIED: ANSWER (ses UNIT DASSA) .
] X,Y,ANS .
[ ] |
. )

VAR
I,Y,J:INTEGER;
i . ANS :STRING;

TR Saliins o
.
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(* SECMENT PROCEDURE DUNMY &)

'

PROCEDURE LABELS(X,Y:INTECER);

« .48

(F SESCARERRERCANRRARDRSAREERNCARARBARNRANREFRRGERSREQNNSARNAES

| ]
PROCEDURE LABELS L
USE: SUBORDINATE PROCEDURE TO PROCEDURE GCRAPHICS, THIS ¢
PROCEDURE ENABLES CHARACTER INPUT FROM THE USER e

TO BE DIRPLAYED IN *"REAL TIME® ON THE MONITOR IN L)

THE CRAPHICS MODE. THE ARCUMENTS USED IN THIS t
PROCEDURE ARE THE SCREEN COORDINATES OF THE .

LOVER LEFT CORNER WHERE THE FIRST CHARACTER 18 TO ¢

BE DISPLAYED. BACKSPACE FUNCTION I8 AVAILABLE. ¢

ENTRY TERMINATES WHEN ANY OF THREE CONDITIONS ARE ¢

]

MET:
1) THE WORD DONE 18 TYPED t
2) WHEN THE RETURN XEY 18 DEPRESSED s
3) WHEN MORE THAN 10 CHARACTERS (NOT .
INCLUDING BACKSPACED CHARACTERS) ARE s
ENTERED *
CALLED BY: SECMENT PROCEDURE DUMMY (CRAPHICS) .
. ROUTINES CALLED: (none) *
VARIABLES: *
USED: (mone) L4
MODIPIED: X,Y,X! .
ANSVER,CH (see UNIT DASSA) .
J.ANS (see PROCEDURE CRAPHICS) *
'
SRRRRNANNNEANRANRNNDARACRNNRRARANRARERYRARRERRNRAALARARAREREATR R)
VAR
"~ X1:INTECER;
. {
ot
) BECIN
; ; I1:sX;
oo ANSWER:m'*;ANS:a' '
; i MOVETO(X,¥);
8 , .
g f REPEAT
' BECIN
REPEAT
UNTIL KEYPRESS;
READC(CH) ;

ANS(1):«CH;
J:=s0ORD(CK)Y;
IF(NOT EOLN)

- e B KU . T .
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(* SEGMENT PROCEDURE DUNNY )

THEN
BEGIN
IRCJOYS)
THEN
BECIN
IF(CHa* ‘) THEN CK:»* ¢,
WCHAR(CH) ; .
ANSVER:sCONCAT(ANSWER ,ANS) ; :
L:ale?
END
ELSE
IF(I1(2)
THEN -
. BECIN
' HOVETO(X-7,Y);
: WCHARC® *);
MOVETO(X-7,Y);
ANSVER:=COPY(ANSVER, 1, (LENCTH(ANSWER)-1));
. X:eX=?
’ ’ END;
’ END;
‘ END
i UNTIL (C(ANSWER«'DONE*)OR(EOLN)ORC(LENCTH(ANSVER))=10)):
i END; :
;|
'
.! '
|
]
H
Lt
}
H
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(x SECMENT PROCEDURE DUMNY )
PROCEDURE DRAVBLK(X,Y:INTECER);

('...!llll'l..l..ll.lllll...llll.lt.l.l'llllll.llll..l.'.lll.l.l'

*
PROCEDURE DRAWBLK (X,Y:INTEGER) L
USE: DRAVS RECTANGLES CONTAININC NODE LABELS. TNHIS s
PROCEDURE 13 SUBORDINATE TO PROCEDURE GRAPHICS. TNE L

TWO ARCUMENTS REPRESENT THE LOWER LEFT CORNER OF THE L
RECTANCLE. THE RECTANGLE IS DRAVUN BY COLORING THE s
ENTIRE RECTANGLE AREA VITH THE DESIRED RECTANGLE e
COLOR OUTLINE AND I8 THEN FILLED IN BY THE BACKGCROUND s
COLOR. ]
CALLED BY: SEGMENT PROCEDURE DUMMY (CRAPHICS) b
ROUTINES CALLED: (none) L
VARIABLES: L4
USED: X.¥ .
MODIFIED: (none) s

s

)

- -

BICGIN
VIEVPORT(X,X¢75,Y,Y¢13);
FILLSCREEN(GREEN) ;
VIEVPORT (X141 ,2+73,%41,Ye12);
FILLSCREEN(BLACK);
VIEVPORT(0,279.0,191)

72
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(¢ SECHNENT PROCIDURE DUMNY ®)

(8 SERCEROROSRERESRERRRRERARSERSEERRCORNAOEEANSARRERAAGRREERERER

s : ]
t START PROCEDURE CGRAPHICS ]
* ]

ARSARSEORAASETRCRARERARRQREREROARRRRRRERRARRERASRERRSRRRRREE %)
BECIN
ANSVER:e® *;
CASE CONTROL OF

t:

BEGIN : .
I:=108; Y:«178; DRAVBLK(Z,Y); ;
ANSVER : =sNODELABELILVL];

NOVETO(107,100); WEBTRING(ANSWER);

X:e3; Y:2113; DRAVBLK(X,.Y);

MOVETO(139,178); PENCOLOR(GREEN);

MOVETO(139,141); MOVETOC3?,141); MOVETO(3?9,334);
PENCOLOR(NONE) ;

LABELS(X+2,%e2)

END;

2:

BECGIN

$:«10%; Y:=113;, DRAWBLK(X,Y);
MOVETO(339,141);

PENCOLOR(CREEN); MOVETO(13?,136);
PENCOLOR(NONE) ;

LABELS(X+42,Y¢2)

END;

$:

BECINM

1:2203; Y:e113; DRAWBLK(X.Y);
MOVETO(139,141); PENCOLOR(GREEN);
MOVEITO(239,141); MOVETO(239,116);
PENCOLON (NONK) ;

LABELS(Xe2,Ye2)

EIND;

q:

BICIN

I:a33; Y:e43; DRAVWBLK(X,Y),;
MOVETO(?93,141); PENCOLOR(CGREEN);
HOVETO(93,58);, PENCOLORINONE);

7
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(% SECMENT PROCEDURE DUMMY )

LABELS(X+2,Y¢2)
END;

$:

BECIN

1:2185; V:ed$S; DRAVBLK(X,.Y);
MOVETO(19:,141); PENCOLOR(CREEN);
HOVETO(191,38); PENCOLOR(NONE),
LABELS(Xe2,Ye2)

END;

END; (= END CRAPHICS *)
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(s SECHENT PROCEDURE DUNMY *)

PROCEDURE LABILATTRIRUTIES;

!l (8 SESENEREERIEROOPENRRPRNRANERRSIRRRERACEORRERESEEATERARIORS
. ] ®
; s  PROCEDURE LABELATTRIBUYTLS ¢
- & yYsk: USED TO SUPPORT OPTION ATT WHICH ALLOVS THE USER *
N . TO ENTER THE ATTRIBRUTE CHARACTIRIETIC. THE USER d
) L) I8 ALLOVED TO ENTER ANY STRINC; HOVEVER, ANY s
s CHARACTERISTIC ENTERED VITH A R VILL BE ASSUMNED .
L) BY THE SENSITIVITY ANALYSIS TO BE RECRET AND VILL L]
s ANNOTATE THOSE ALTERNATIVES VITH THE LOVWEST VALUES. ¢
® CALLED BY: SECHENT PROCEDURE DUMMY s
8 ROUTINIS CALLED: (nome) s
*  VARIARLES: .
s USED: COMMENTSTRINC ,MAXLABELSIZE (see UNIT DASSA) ¢
L MODIFIED: LATT (see UNIT DASSA) L]
® «
EARRERSNRNRARERRARINRERENDARNRENENEIONEERNAEANRNAIRNANASRONNRNE @)

BICIN
PAGRLOVUTPUT);
VRITELN(OUTPUT, ‘ENTER ATTRIBUTE CHARACTIRISTIC ‘?;
VRITE(OUTPUT, ' (REGRET OR VALUD)? )
READLN(INPUT,LATT);
LATT: «COPY(CONCAT(LATT,LABELSTRING) ,t ,MAILABELSIZE);
END; (®* END LABEL ATTRIBUTES CHARACTERISTICS @)
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(s SECMENT PROCEDURE DUMMY &)
PROCEDURE READTITLE;

(e l'llll'...lll..ll'.Ql.ll.l'.ll.‘l.ll.l.l'l.t!lll!llllll'l.. . . B

| ]
*  PROCIDURE READTITLE .
* USE: PROCEDURE USED TO ALLOW THE USER TO ENTER THE TITLE ¢
. Of THE TRIE STRUCTURE WNICH WILL BE RE-DISPLAYED .
. IN VARIOUS REVIEV TYPEZ OPTIONS. USED TO SUPPORT L)
) OPTION TTL. ¢
8 CALLED BY: SECMENT PROCIDURE DUMMY L]
®  ROUTINES CALLED: (neme) *
*  VAR.ABLES: ¢
* USED: COMMENTSTRING,MAXCOMMENTSIZIE (see UNIT DASSA) ¢
L4 MODIFIED: TITLE (see UNIT DASSA) L
* L

)

NSRS PASNRNERArREAEERONRARESLNARSRENERNARERENENARNGRNSRRORNED £

BEGIN
PAGE(OUTPUT) ;
VRITSINCOUTPUT, 'ENTER A TITLE FOR THIS DATA STRUCTURE °);
READLNCINPUT,TITLE);
TITLE :=«COPY(CONCAT(TITLE,COMMENTSTRING), 1, MAXCOMMENTSIZE)
END; (®* END READ TITLRE FOR DATA BTRUCTURE *) X
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(* SECNENT PROCZDURE DUMMY )
PROCEDURE SPAN; (¢ SPAR ®)

' - ‘ (8 SEERROSRRIANRRIRAPBRRTRRRERRARRRANARORENNROSESRERRORRRERSRARE

]
FROCEUURE SPAN .
USE: USED TO SUPPORT OPTION SPA AND IN THE CREATION OF A L

NIV TREEL STRUCTURE. THIS ROUTINE TAKES ADVANTACE Or e
THE CRAPHICS CAPABILITIES OF THE APPLE 11 MICRO- 4
COMPUTER. USINC SUBROUTINE CRAPHICS, THE USER ENTERE ¢
THE ATTRIBUTES (NODES) DIRECTLY ONE THE SCREEN WITHIN ¢
THE WIRING DIACRANM. THE PROCEDURE VILL UPDATE s
THE NODE STRUCTURE AS WELL A3 CIVINC CURRENT NUMBEXR )
NODES IN THE SYSTENM. .
CALLED BY: BEICMINT PROCEDURE DUMMY .
ROUTINES CALLED: UNIT DASSA (PRETOT, PRENEZX, NIXT, LS
NODEARRAYTODISK, - .
) MASTERNODESETUP) b
SECMENT PROCEDURE DUMMY (GRAPHICS) e
VARIABLES: L
USED: LABELSTRING (see UNIT DASSA) .
MODIFIED: CH,ANSWER, ICOCNT,NNRN,IFADD,L,LVL,NDEEP, *
NNODES, !, I1STR, IRAY ,OLDCELLNUM,NODELABEL, .
t{see UNIT DASBM) L4
CONTROL (ses SECHMENT PROCEDURE DUMMY) L
1
)

» R » % P DB P DR e P e P a0 P e

CERRARSOAENNNENENCIRANEERNERRDNERNRNARARNRCERNRARARNNBONATNINRS £

BEGIN
PRETOT;

REPEAT
BECIN
PACE(OUTPUT) ;
VRITE(OUTPUT, 'SPMN NODES. . .A(LL S(ELECT *);
REPEAT UNTIL KEYPRUSS;
READCINPUT, CH)
END )
UNTIL((CHe'A*)OR(CH='S8"));

IFCCH='8") THEM PRINEX;
IFCICONT()1)

THEN .
- BECIN

REPEAT
BECIN

*?

RO PN




.

(® SECNENT PROCEDURE DUMMY )

PAGE(OUTRPUTY;
VRITEZ(OUTBUT, DO YOU VANT TO BUILD A NEW TRIE! (Y/N) *);
REPEAT ONTIL XEYPRISS;
AEADCINPUT, CH)
END
UNTILC(CHa'Y'IOR(CHu 'N"));

17 (CHe'N’?
THEN ANSVER:s'LRXIT'

1 358 ) 4
RZGIN
HASTERNODESETUR;
1CONT: »t
IND
IND;

NNRX: o8 ;
INITTURTLE;

REPIAT

SECIN

IT (1CONT¢)O0)
THEK

SECIN

fPADD:a2; (t I<PARENT, 3«BROTHER ®)
L:el;
CONTROL: 1 ;

VIEVPORT(0,272,31,1%1);
TILLECREEN(BLACK);
\IEVPORT(0,379,0,393);
REPIAT

BECIN

GRATHICS:
CONTROL : sCONTROL# Y ;

IFCCCCNTHROLY$IOR(CANSVER " *YOR(ANSVER® *DONE ' ) )
THEN

BECGIN
LVL wlV0el-t;

¢
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I - 1 (s SECHENT PROCEDURE DUMNMY ¢)
IT(LVLINDEEP) TEEN NDEEP:eiVL;

NEXT;
& NNRN:a$
I ) IND
. L8
2 BEGIN

IFCANSVERC) ‘£X1T")

THEN
BEGIN
ANSVWER:=COPY(CONCAT(ANSVER,LABELSTRING), 3 ,MAZLABELSIZE);
NNRN: aKNRN+ 1 ; '
NNODES : sNNODES+1 ;

. _ : MOVETO(2,0);

. VSTRING( *CURRENT NUMBER OF NODES: *);
’ 1:=NNODES; ' '
STR(1,18TR);

VSTRING(ISTR);

IRAYCLVL,IFADD): aNNODES;

SEEK(NODE, IRAYILVL,.01);
NODEARRAYTODISK(LVL);
PUT(NODE);

OLDCELLNUM: wIRAYCLVL,0];
LVL:=LVLsL;
L:el;
IFADD:e3;.
‘ IRAYILVL,0):«NNODES;
{ TRAYCLVL, 1) :aNNRN;
IRAYCLVYL ,2):20; ’
' ) XRAY[LVL,3J'-02
IRAYLLVL ,4) :«OLDCELLNUN;
Y JRAYCLVL,S):=OLDCELLNUN;
: ARAYCLVE ,1):80;
ARAYILVL,2):e0: -
NODELABELCLVL) :=ANSWER;

SEEK(NODE, IRAYLLVL,0));
NODEARRAYTODISK(LVL);
PUT(NODE) ;

END;
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(* SECMENT PROCEDVRE DUKNY ®)

i £ND

" _ . ~ END
T : UNTIL((CONTROL)$)OR(ANSWER«="'DONE ' )OR(ANSWER="' * JOR(ANSWERs ‘EXIT*))
" END;

e END
, UNTIL((ICONT=0)OR(ANSWERs"EXIT'));
l- ' PAGE(OUTPUT) ;

.o TEXTMODE; :
. END; " END OF SPAN ®)
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' (* SECMENT PROCEDURE DUNNMY ¢)
' PROCEDURE INITIALIZE;
u »
! PROCEDURE INITIALIZE ]
i USE: CREATES NEV FILES ON THE DISK FOR NAMES ENTERED IN .
RESPONSE TO OPTIONS SEL OR NEV. TVO NEVW FILES ARE .
CREATED: ONE FOR THE NODES, THE OTHER FOR THE NAMES *
OF THE ALTERNATIVES. 1IN ADDITION, CALLS OTHER ’
PROCEDURES IN TH1S SECMENT (LABELATTRIBUTES, s
READTITLE, AND SPAN) TO EXPEDITE CREATION OF THE TREER .
CALLED BY: SEGMENT PROCEDURE DUMMY (SELECTFILE) t
ROUTINES CALLED: UNIT DASSA (MASTERNODESETUP! .
SECMENT PROCEDVURE DUMMY (LABELATTRIBUTES, t . .
i READTITLE,SPAN) ]
VARIABLES: ]
USED: FILEOFSYSTEMS,MAXSYSTEMS,FILENAME (see UNIT DASSA) ¢
MODIFIED: NODE NODETITLE,CELLNUMBER,NRNDIGIT, DOWNLINK, ]
CROSSLINK,BACKLINK,RELVEICGHT, CUMWEICHT, .
RATIONALE,3YSTEMVALUES (see UNIT DASSA) .
SYSTEMS SYSTEMNAME (see UNIT DASSA) ]
I (see UNIT DASSA) L]
|
)

0
» ® % B 8 % 2 % 9 0 h B w P P e » s

BARARSERARSARRRRNRRAANERRANARRRAAGRRRRARARCANZENRRRARNASRARSRRRERES &
BECIN

WITH SYSTEMSA DO SYSTEMMNAME:='NONE*;

REVRITEC(SYSTEMS,FILEOFSYSTEMS);

FOR 1:s! TO MAXSYSTEMS DO PUT(SYSTENMS);
{ CLOSE(SYSTEMS, LOCK);
s RESET(SYSTEMS,FILEOFSYSTENS) ;

' WVITH NODEA DO
! BEGIN
: NODETITLE: s *'BLANK i
CELLNUMBER:=0;
NRNDIGIT:a0;
DOWNLINK :=0;
CROSSLINK:=0;
BACKLINK :=0;

- RELVEIGHT: 0.0,
- CUMWEIGHT: w0 .0;

- FOR 1:e¢f TO MAXSYSTEMS DO SYSTEMVALUES[1):«0.0;

RATIONALE : = ‘NO COMMENT'

"
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(¢ SECHENT FROCEDURE DUMNY ¢)

REVRITE(NODE,FILENAME);

FOR 1:.a1 TO MAINUMBEROFNODES DO PUT(NODE);
CLOSE(NODE, LOCK);

RESET(NODE,FILENAME) ;

LABELATTRIBUTES;
READTITLE;
MASTERNODESETUP;
SPAN

END; (#* END INITIALIZE ®)
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(* SECMENT PROCEDURE DUMMY ¢)
PROCEDURE SELECTFILE;

- (R SERERSENNEERRRRARERRRRRRARARAANARENRRACARSOPOREARERRNRERRREARE

PROCEDURE SELECTPILE
USE: USED TO ELICIT THE NAMES OF THE DISK AND FILE THAT
A TREE STRUCTURE EX18TS ON OR VILL BE CREATED ON.
PROCEDURE USED IN SUPPORT OF OPTIONS SEL AND NEV.
TWO FILES ARE CREATED AND HAVE THE LABELS oOf
IXXSYS.DATA
XXXNODE.DATA
WHERE XXI REPRESENTS THE FIRST THREE CHARACTERS
ENTERED BY THE USER WHEN ASKED FOR A FILE NAME, IN
THE CASE THAT THE USER ENTERS LESS THAN THREE
CHARACTERS, THL ENTRY WILL BE LEFT JUSTIFIED IN THE
X FIELD, VITH THE REMAINING X CHARACTEARS. )
CALLED BY: SEGMENT PROCENURE DUMNMY
ROUTINES CALLED: UNIT DASSA (NODEDISKTOARRAY)
SEGHENT PROCEDURE DUMMY (INITIALIZE)

VARIABLES:
USED: <(none)
MODIFIED: NODE NODETITLE,RATIONALE,CELLNUMBER,
NRNDIGIT, DOWNLINK,CROSSLINK, BACKL INK
DISKNAME , ANSWER,FILENANME,L,1,FLAG,NFLAG,
LVL,IRAY (see UNIT DASSA)

[ 2NN N B R N I BN B B K I N N R Y B N BN R BN BN
- B H % 0 N BV B B H B DO OO DO D DSOS

ERAANARNAARARANRARSARNARANRLNNRERANRRRADTRRANRANATRARNKNARNAL &
BEGIN

PAGE(OUTPUT) ;
IF(NFLACs1)
{ THEN BECIN
’ SEEK(NODE,0);
1 GET(NODE);
VITH NODEA DO
BECIN
RATIONALE:«TITLE;
NODETITLE: «LATT;
CELLNUMBER : «NNODES;
NRNDICIT:«NDEEP;
- DOWNL INK: «NSYS;
- CROSSLINK:=FLAG
END;
SEEK(NODE,0);
PUT(NODE);
CLOSE(NODE, LOCK),
CLOSE(SYSTENS, LOCK)
END;
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(* SECHMENT FROCEDURE DUMNY *)

NFLAC:=1; ' *

. ) VRITELN(OUTPUT, 'ENTER. . .DISK NAME TO BE USZD*);
- VRITE(QUTPUT,'(E.G. APPLEQ:) °');
READLN(INPUT,DISKNAME) ;

K VRITELN(OQUTPUT, ‘PLEASE INSERT °',DISKNAME,' AND DEPRESS RETURN');
. READLNCINPUT, ANSWER) ;

VRITELN(OUTPUT, "ENTER. . .FILE NAME TO BE ACCESSLD');
READLN¢ INPUT,FILENANE) ;

FILENAME : «CONCAT(FILENANME, 'XXX');
FILEOFSYSTEMS : « CONCAT(DISKNAME ,COPY(FILENAME,1,3),'8YS.DATA');

- L
PR e

l:; i FILENANME : sCONCAT(DISKNAME, COPY(FILENAME,1.3), *NODE.DATA');
N
i FOR 1:«0 TO MAXARRAYSIZE DO FOR L:e1 TO MAXSYSTEM3 DO VRAY(I,Ll:=8.0;
’a P FOR I:s0 TO MAXARRAYSIZE DO FOR L:s0 TO § DO IRAY{I,L):=0;
i FOR 1:20 TO MAXARRAYSIZE DO FOR L:ei TO 2 DO ARAYLI,L3:=0;

P VRITELN(OUTPUT, *(CR) OR NEW ? *);
g READLN( INPUT, ANSWER) ;
e
[~ IF (ANSVER="*NEV')

THEN INITIALIZE

sLst

BECIN

RESET(NODE,FILENAME);
RESET(SYSTEMS ,FILEOFSYSTEMS);
SEEX(NODE, 0);
GET(NODE);
VITH NODEA DO
BECIN ' :
TITLE : s RAT!ONALE;
LATT: «NODETITLE;
NNODES : « CELLNUMBER;
NDEEP: »NRNDIGIT; ’
NSYS: «DOWNLINK;
FLAG: »CROSSLINK;
END;
LVL:s}§;
TRAY(1,0):e1;
SEEK(NODE, IRAYILVL,0));
CET(NODE);
NODEDISKTOARRAY(LVL)
END

hIRGH
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END; (¢ END SELECTFILE )
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(* SECMENT PROCEDURE DUMMY #)

(e NEEE RN R NRERR RSN RARSRANSANDANRRRARRRORENS

L] L]
L4 START SECMENT PROCEDURE DUMNMY .
L] ]

BEGIN
IF(CMDe‘NEV') THEN SELECTPILE
ELSE IF(CHMDa‘*ATT') TIHEIN LABELATTRIBUTES
ELBE IF(CMD«'SEL') THEN SELECTFILE
ELSE IF(CMDe*SPA') THEN SPAN
ELSE IFP(CMD='TTL') THEN RBADT!TLI
SND;

P P . . .
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t® SECMENT PROCEDURE WVLOAD ®)

LA

SECMENT PROCEDURE VVLOAD;

" .
l"

(l.l!lit"ltllllll!lll!'ll'lllll!llll"ll"'ll'..I'll.l.l.'.t.

Y
i

3
SECHMENT FROCEDURE WVLOAD L
USE: THIS SECMENT CONTAINS ROUTINES WHICH ARE USED ]
TO INPUT WEIGHTS AND VALUES INTO THE TREL L
BTRUCTURE. 1IN ADDITION, THIS SECMENT CONTAINS L

THE PROCEDURE (CALC) WHICH PERFORMS THE L
VALVATIONS OF THE INTERNAL NODES OR COLLAPSING L

THE TRZE. . L]

CALLED BY: PXOCRAM DASS *
RQUTINES CALLED: SEGCRENT PROCEDURE UVLOAD (CALC,WVLOAD:) *
VARIADLES: L]
VUSED: (none) L]
MODIFIED: OPT (see SEGMENT PROCEDURE WVLOAD) L

"
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(8 VARIABLES USED UNIQUELY BY THIS SEGMENT ®) .
VAR

OPFT,CHI:CHAR;

LABELYL, ANS :STRING;

BYS: ARRAY [1..32 OF STRINC;

EXITFLAG,PPOS,J,X1,X,Y,K,L: INTECER;

VAAY1 :ARRAY (1..53 OF REAL;

COLOR: ARRAY £1..%3 OF SCREENCOLOR;
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{® SECMENT PROCEDURE VVLOAD ¢)
PROCEDURE RDV;

PROCEDURE RDV

USE: THIS PROCEDURE ERABLES THI USER TO INSERT
ALTERNATIVE VALUES (0-100) FOR EACH DATA NODE IN
THE TREEZ STRUCTURE. OPTIONS INCLUDE INPUTTING ALL
THE DATA NODES OR SELECTED NODES AT THE USER'S
DISCRETION. TH18 PROCEDURE USZS THREE ARUBORDINATE
PROCEDURES (DRAWBAR and SETUP) WVHICH ENABLE
THIS ROUTINE TO BE INTERACTIVE AS VELL AS
DISPLAYING OUTPUTS USINGC THE GCRAPHICAL MODE.

CALLED BY: SECMENT PROCEDURE WVLOAD (WVLOAD1)

ROUTINES CALLED: SECMENT PROCEDURE WVLOAD (DRAVBAR,

SETUP)
UNIT DASSA (NODEARRAYTODISK,NUMTOSTRING,
STRTOREAL)
VARIABLES:
USED: TENSTRING ,NSYS,LVL,18TR (see. UNIT DASSA)
ANS,COLOR,Y,5Y8 (see SECHMENT PROCEDURE

WVLOAD)
MODIFIED: CH,ICONT,VRAY,ANSWER (ses UNIT DASSA)
EXITFLAC,PPOS,J,X,VRAY (see SECMENT
PROCZOURE WVLOAD)

® ® % B ¥ ®» ¥ VDo B » 0 e W S0 0P e e
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(® SEGNENT PROCEDURE WVLOAD #)

PROCEDURE DRAVBARCA,B,C:INTECER;V:REAL);

_ . (f SECEARANRRRRRRRENERRRRARRRRARANRERRCONERAROORARNERARREROREY

VSE: USES COMPUTER GRAPHICS TO DRAV COLOR BARS
VHOSE HEICHTS REPRESEINTS THE VALUES OF THE
ALTERNATIVES. THE COLORS ARE DEPENDENT ON THRE L
ALTERRATIVES: ALTERNATIVE 1| « ORANCE L

ALTERNATIVE 2 « VIOLET .

ALTERNATIVE 3 « BLUE b

ALTERNATIVE 4 = GRIEN L)

ALTERNATIVE § = VHITIL . e

THE A,B,C VARIABLES CORRESPONDS TO THE LOVER LEFT L
HAND SIDE OF THE TALL RECTANGLE, WHERE C REPRESENTS ¢

THE ALTERNAIVE NUNBER. VARIABLE B CORRESPONDS TO LI

]

*

 J

L)

]

L ]

]

)

*

PROCEDURE DRAVEAR .
]

*

VALUE OF THE ALTERNATIVE AT THAT RODE.
CALLED BY: SECMENT PRGCEDURE WVLOAD (RDV,SETUP)
ROUTINES CALLED: (none) ’ :
VARIABLES: .

USED: A,8,C.V (ses PROCEDUAL DRAWBAN)

MODIFIED: (nome)

- % % % » % % 5% S N D W 8w

AR PR S AR RS ARARARRARAARASARNRRARNARRBANRENANRARANERANARDN &

BEGIN

VIEVPORT(A+C®13,A+(C213)410,8,84350);
FILLSCREEN(ABLACK);
VIEVPORT(A«C213,A4(C%15)+410,8B,BeTRUNC(V/2));
FILLACREEN(COLOREC+11); o
VIEWPORT(0.,279,0,191)

END;
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(®* SECHENT PROCEDURE WVLOAD ®)}

PROCEDURE SOUARES(A,R:INTEZCER);

t,- (0 SRROEREEERARRORESREREEERRERRARRRRERERESRNARRRERCRARRRERRRRNRRRS
R P ]
B ¢ PROCEDURE SQUARES L]
L ® USE: USED TO DRAV HOLLOWED OUT BOXES WHERE DATA L]
.f * THE CURRENT VALUE OF A PARTICULAR ALTERNATIVE AND . .
~- * THE BOX WHERE NEV VALUES OF THAT ALTERNATIVE VILL L
h_ s BE ENTERED. THE TECHNIQUE USED IN CONSTRUCTINC THE ¢
T L] 80X 18 TO SET THE VIEWPORT TO THE SIZE OF THE 20X, ¢
ou L FILL 1T VITH THE DESIRED COLOR (CREEN) AND THEN L]
'\';- . HOLLOV OUT THEZ BOX VITH THE BACKGCROUND COLOR *
. . (BLACK). THE ARCUMENTS A AND B CORRESPONDS TO THEZ ¢
. . LOVER LEFT MAND CORNER WHERE THE BOX I8 TO BR L
SRR . DRAVN. .
h ® CALLED BY: SECMENT PRCCEDURE WVLOAD (SETUP) s
. gt  ROUTINES CALLED: (none) L]
L;- - t  VARIALBES: L]
B L USED: A,B (see PROCEDURE SQUARES) t
. . MODIFIED: (mome) ]
] | ]
REARREARRANE RN RRRERTANNENRSRRRARNRARRARERRARRARREREARRARAND f)

BECIN
VIEVPORT(A,A¢75,8,8013);
FILLSCREEN(GREEN);
VIEVPORT(A+1,A+73,B¢1,B412);
FILLSCREEN(BLACK);

i VIEVPORT(0,279,0,191);

. END;
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(¢ SECHMENT PROCEDURE WVLOAD o)

PROCEDURE SETUP;

(8 GRSERREAREERERREERRRARRTERARESERERERREROAERRRRRRARRERERARRART

] [ ]
¢ PROCEDURE SETTUP ]
* USE: SITS UP AND DISPLAYS A PATICULAR DATA NODE POR USER *®
. VALUE INPUT. PROVIDES CURRENT VALUES OF THE .
. ALTERNATIVES, IN BAR FORMAT (UBING PROCLCDURE .
. DRAVBAR). ALSO PROVIDES DISPLAY FOR THE PIRST .
] ALTERNATIVE AND ITS VALUE IN DECIMAL FORM. .
t CALLED BY: SECMENT PROCEDURE WVLOAD (RDV) s
* ROUTINES CALLED: UNIT DASSA (INTTOSTRING) .
’ SEGMENT PROCEDVRE WVLOAD (SQUARES, s
s DRAVBAR) .
*  VARIABLES: .
» USED: °  NODELABEL,TENSTRING,LVL,IRAY,NSYS .
» (see UNIT DASSA) *
: MODIFIED: 1 ,ANSWER,ISTR (ses UNIT DASSA) .
] VRAY1,PPOS,COLOR (see SECMENT PROCEDURE )
. WVLOAD) : s
| *
]

BEGIN
&

COLOR(13:=ORANCE; COLORC21:=VIOLET;
COLORL3]:=BLVE; COLOR[4) :sCREEN;
COLORIS3):aVHITEL;

FOR I:=1 TO NSYS DO
BEGIN
SELEK(SYSTENS,I-1);
CET(SYSTENS); _
VITH SYSTEN + DO SYS(17:eSYSTEMNAME
END;

FOR 1:=1 TO S DO VRAYI(1}:=0;

MOVETO(0,181);
WSTRING('VALUE: A)BORT.BIAEX EIXIT MIEXT (E8C)*);

BQUARES(103,137);
MOVETO(105,159);

VSTRINC(NODELABEL(LVL));

c 10
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(¢ SECHENT PROCEDURE WVLOAD )

HOVETO(0,139); WETRING('NRN: *);

ANSVER: 0 *;
YOR 1:e1 TO LVL DO

BEGIN

INTTOSTRINGCIRAYLY 1))

ANSVER : s CONCAT (ANSVER,18TR,* ")

END;
VSTRING(COPYU{CONCAT(ANSWER, TENSTRING) .4 ,7));

NHOVETO(33,143); WESTRINCC('OLD VALUES®);
MOVETO(184,143); WSTRINC('NEV VALUZA');

FOR 1:0 TO NSYS-1 DO
DRAVBARC34,83,1,VRAYILVL,1e11);

TOR 1:#0 TO NBYS-3 DO
DRAVEBARC183,83,5,VRAYI(1+1D);

MOVETO(29,43); VWSTRING('ALTERRATIVE'};

NOVETO(20,30); WSTRING(CONCAT('OLD *,COPY(CONCATILATT,®
BOUVARES‘113.27); : .

KOVETO(30G,1%);, WSTRING(CONCAT('NEV ', COPY(CONCAT(LATT,®
SOUARES(313,323);

PPOS: et

END; <®* END SETUP ®)

"
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{* SEGNENT PROCEDURE WVLOAD *)

(P SRSRERASARS AR RRNESRRSNRS PRI RERNRAAPRAREERRUREARGURRES

] *
LI BICIN PROCEDURE ADV ' *
[}

CEERRLARPRANSUNRROARSARIANAERAIARASRNELRBIARARNTASHENNA B)
IRCIN

INITTURTLE;
EXITELAG:0;
BETUP;

REPIAT

PICIN
VIEVPORT(313,188,42,37); FILLSCREEN(COLOR{PPOR));
VIEWPORT(0,279,0,191); MOVETO(117,4%); WBTRING(SYSIPPOB));

NOVETC(115,29); NUMTOSTRINC(VRAYCLVL,PPQS));
VSTRINC(ISTR) ;

MOVETO(115,14); WATRINC(TENSTRING);

ANg:m*

REEFFAT UNTIL XEYPRESS,
READCINPUT, CH);
ANS(1):eCHK;

TP((POSCANS, "ABNE*)()C)OR(ZOLN)OR(ORD(CH)»:7))

THEN
CASE ORD(CH) OF

27: ICONT: »0;

13,31: BECIN
VRAYIC(PPOS) = VAAY{LVL,PPOS);
DRAWBARC(183,83,PPOS-1,VRAYLILIPPOS));
IFCPPOS(NSYS) THEN PFOS:»PPOSe1
END;

63,49 BECIN

IF (CHa'A') THEN FOR J:»! TO NSYS 0Q VRAY1C3)I:=VRAYILVL,J3,

FOR J:al TO NSYS DO VRAYILVL,J):»VRAYI[JY:
SEEK(NODE, JRAYILVL,0));

CET(NODE);

SEEX(NODE, JRAYILVL.03);
NODEARRAYTODISKELVL)

PUT(HODE)

"

[P Y S 3

.. .-

§ ot e s b



l.
|
b

v
.

VvV
P AR
T

0 s 2 0Lt
- . a .
. %

st 7adh ot s At Shl Bl
e L

(% SEGMENT PROCEDURE VVLOAD *)

EXITFLAG:=!
END;

1 3 IF(PPOS{=}) THEN PPOB:a}
ELSE PPOS:wPPOS-1;

78: IF(PPOS)eN8YS) THEN PPOS:sNSYS
ELSE #POS:wPPO8e};

END (% END CASE ™)

BLSE

BEGIN
ANBVER:s' ';
ANSVER[13:uCH;
X:wit1S; Y:e1d4; X1:eX;
MOVETO(X,Y);
VCHAR(CH) ;
I:aXe?;

REPEAT
BEGIN
- ANS:s' *;
REPEAT
UNTIL KEYPRESS;
READC INFUT,CH);
ANSE1):=CH;
J:=0RD(CH) ;
IF(NOT EOLN)
THEN
BEGIN
TECICH8Y
. THEN
BEGIN
IF(CHa' ') THEN TH:»s' *;
WCHAR(CH) ; .
ANSWER: »CONCAT fANSWER, ANS) ;
X:0X4?
END -
ELSE )
tPCXL(T)
THEN
BECIN
NMOVETO(X-7,Y),;
WCHARC® '),

1
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(s BECMENT PROCEDURE WVLOAD ®)

Z . MOVETO(X-7,Y);
ANSVER: «COPY(ANSWER, 1, CLENGTH(ANSWER)=1));

' Y T TS T e T v "

X:sX=7
b IND;
o END;
.o
oo
P END

UNTIL ((EOLN)OR(LENGTH(ANSWER))>=10));
VRAYILPPOS]:«STRTOREAL(ANSWER);

IF (VRAYI(PP0S))100) THEN VRAYI(PPOS):=100;
IF (VRAY1[PPOSI(O) THEN VRAY1L(PPOS]):=0;
DRAVBAR(183,85,PP0OS-1,VRAYI(PPOS]);

- IF(PPOS(NSYS) THEN PPOS:=PPOS+1

END

END
UNTIL((ORD(CH)=27)O0RCEXITFLACS1));
IF(ORD(CH)=27) THEN ITOTL:=0;

PAGE(OUTPUT) ;
TEXITMODE;
END;

b L
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(* SEGMENT PROCEDURE WVLUAD *) |

PROCEDURE RDVT;
(8 AR REEAR R AN PR RN N RN R RRRARPURERCEREARSRRRARINNRRANOERRS

L ]
PROCEDURE RDWT .
USE: THIS PROCEDURE ENABLES THE USER TO INSERT .
WEIGHTS FOR ALL SPANS ON THE NODE IN .
THE TREE STRUCTURE. OPTIONS INCLUDE INPUTTING ALL ¢
SPANS OR A BINGLE S8PAN UNDERNEATH A SPECIFIED *
NODE . *
CALLED BY: SECMENT PROCEDURE WVLOAD (WVLOAD?) ]
ROUTINES CALLED: SEGMENT PROCEDURE WVLOAD (DRAVBAR, .
_ SETUP) . -
UNIT DASSA (NODEARRAYTODISK,CROSS, *
- STRTOREAL , ANSWERTOOUESTION)  #
VARIABLES: .
USED: MATCOMMENTSIZE,NODELAEEL(see UNIT DASSA) ¢
MODIFIED: QUESTION,LVL,ARAY,I,ANSWER,NODE:RATIONALE, *
ITOTL (see UNIT DASSA) ]
LR,INT,J (see PROCEDURE RDWT) *
|
)

AEBRARNARAARREEREAPERABANNARRRARARNREREERARKRANRENANSAENNAREN &

VAR
J,INT : INTEGER;
LR : REAL;

BEGIN '

cROSS; .

REPEAT
BECIN
PAGE(OUTPUT) ;
VRITELK(OUTPVT, * OLD WTS NEW WTS NORMALIZED');

FOR 1:e¢1 TO NCROSS DO

BEGIN

J:=LVL+l;

COTOXY(0,I+1);
WRITE(OUTPUT ,NODELABELLJ1);
GOTOXY(14,1¢8);

INT: oTRUNC(100®ARAY(J,13);
VRITELNC(OUTPUT, INT:¢)

END;

LR:=0.0;

95
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. : (® SECKENT PROCEDURE WVLOAD =)

o FOR 1:nt TO NCROSS DO
.o BEGIN
E GOTOXY(22,141);
J:sLVLel;
4 READLN(INPUT, ANSVER) ;
L ARAYLJ,1):aSTRTOREALCANSWER) ;
IF (ARAYLJ,1)¢0)
THEN
BICIN
ITOTL:=0;
f 1:=NCROSS+100

. END

1§58 ) 4 o
* LR:sLR+ARAYLJ,1);

IF ({1 (NCROBS+3)OR(LR(>0))
B - THEN
BECIN
" FOR 1:s1 ~C . ROSS DO
BEGIN )
- - COTORY(32,141);
-, =~ ) J:ulVL0el; : :
{ - ‘ ARAYCJ,13:=ARAYLJ,13/LR;
- : _ INT: sTRUNCC100%ARAY(J,13);
j VRITE(OUTPUT, INT: 6)
END;

€

X X AR

L

]

COTOXY(0,1¢2);
! QUESTION:e‘ARE THESE WEIGHTS OKAY? (YIN) *;

.
i .

| ANSVERTOQUESTION
& . END

|"'t- &

» ¢ END

UNTIL((ANSVER-'X')6R(X)NCHOSSOS)ORXLR-D));

l’((l(NCROSSQS)OR(LR()O))

THEN

BECIN . .

VRITELN(QUTPUT, 'ENTER RATIONALE FOR WEICHTS');

VRITELN(OUTPUT, ' (MAX * ,MAXCOMMENTSIZE:3,' LETTERS)');

READLN(INPUT, ANSVER);

VITH NODEA DO RATIONALE:w«COPY(CONCAT(ANSWER,COMMENTSTRING),!,
MAXCOMMENTSIZIE) ;
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(* SECMENT PROCEDURE WVLOAD *)

: " l"

PR
+ F 2 2

: J:elVL;

- ' FOR 1:=1 TO NCROSS DO
BECIN _

LVL:aslVLet:;
ARAYCLVL,23:sARAYILVL,1);
SBEK(NODE, IRAYILVL,0));
NODEARRAYTODISK(LVL);
PUT(NODE)

END;

EVL:eJ
END

END; ° (* END PROCEDURE RDVT )
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(¢ SECMENT PROCECURE WVLOAD *)

PROCEDURE CALC; (® CALCULATES THE TREE =)

(e .'ll.Il.llllll!lll.llillll!!'llllIlllll.lll...llllltlt.l.ll.

PROCEDURE CALC
USE: THI1S PROCEDURE CALCULATES OR 'COLLAPSES®

CALLED BY: SECMENT PROCEDURE WVLOAD
VARIABLES:

MODIFIED: ARAY NDEEP,FLAGC,VRAY,I,L,LVL
(see UNIT DASSA)

SRR RERRARRNARNARARRARSRENRALIRNERREANSRAARNARRENENPRRARNENR &

VAR
Z:REAL;
QUITFLAG: INTEGEK;

SEGIN

FLAG: =0 ;
ARAYLO,1):=1;
ARAYL0,2):=1;
ARAYC: ,1):e1;
ARAYL1,2):=1;
PRETOT:;

J:=0;

PACE(OUTPUT); WRITE(QUTPUT, 'CALCULATING TREE.');

NDEEP:a0;

REPEAT
BEGIN
IFCICONT()0)
THEN
BEGIN
ARAYCLVL ,23:=ARAYILVL-3,2)2ARAYILVL,1);
J:edel;
IPC(LVLINDEEP) THEN NDEEP:sLVL;
IFCIRAYCLVL,2)0)0)
THEN
BECIN
FOR 1:s1 TO NSYS DO VRAYILVL,il:s0;

11

BASED ON THE WEIGHTS AND VALUES SPECIFIED FOR EACH
PARTICULAR NODE OR SPAN. THE PROCEDURE CALCULATES
THE CUMULATIVE WEICHTS FROM THE TOP OF THE TREE

DOWN. 1IF THE PROCEDURE REACHES THE DATA NODE VALUES®
ARE ADDED TO THE TOTAL VALUE OF THE TREE.

- USED: IRAY ,NSYS, ICONT (see UNIT DASSA)

J (see BECMENT PROCEDURE WVLOAD)
Z,0UVITFLAGC (see PROCEDURE RDVT)

ROUTINES CALLED: UNIT DASSA (FRETOT,NODEARRAYTODISK,NEXTI®

4
| ]
4
t
L ]
L ]
)
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(¢ SECHENT PROCEDURE VVLOAD *)

NEXT
END

RLSE
JECIN
FOR K:=1 TO NSYS DO
BECGIN
Z:oVRAYILVL ,KI®ARAY(LVL,23;
FOR L:=w! TO (LVL-1) DO VRAY(L,K):eVRAY(L,K)¢2Z
END;
SEEK(NODE, IRAYCLVL,01);
NODEARRAYTODISK(LVL);
PUT(NODE);
L:sLVL;
QUITFLAG:e1; . .
- REPEAT
SFCIRAYILVL,31)0)
THEN
: . BEGIN
LVL:sL;
NEXT:;
QUITFLAC: =0
END
ELSE
BECGIN -
LVL:=LVL-1;
IFCARAYILVL,22¢)() THEN FOR 1:=1 TO NSYS DO

VRAYCLVL,1):eVRAYELVL, IJ/ARAYLLVL,2];
SEEK(NODE, IRAYILVL,0));

NODEARRAYTODISK(LVL);

F

PUTI(NODE) ;
{ ) IF(LVLSsl)
’ THEN
g BECIN
: ’ LVL:sl;
NEIT;
_ QUITFLAG:=0
v END
o , IND
. UNTIL(QUITFLAG=0)
ST END
END;
S ) VRITE(OUTPUT,'.")
P END
- . UNTIL(1CONT=0)
END; (* END PROCEDURE CALC *)
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(* BECMENT PROCEDURE VVLOAD )

PROCEDURE WVLOADI;

(.' SENEENEARARRAERARNERANANRALEANENRANRANLRERARARCORANCHOSACES

] s
*  PROCEDURE WVLOAD1 L
* USE: THIS PROCEDURE 18 EXECUTED IF LOADINGC THE VEICHTS ¢
. OR VALUES FOR SPANS OR NODES ARE REQUIRED. .
. I? ALL NODES ARE TO BE ASSICNED WEICHTS OR VALVES ¢
L] THE PROCEDURE STARTS FROM THE TOP OF THE TREE AND «
) USING PROCEDURE NEXT (UNIT DASSA) FINDS ALL THE .
] DATA NODES (FOR VALUES) OR NON-DATA NODES (FOR .
* VEIGHTS). s
L] If A SELECTED NODE 18 DESIRED, PROCEDURE PRENIZX ]
. CUNIT DASSA) I8 EXERCISED. L]
¢  CALLED BY: SEGMENT PROCEDURE WVLOAD ®
* ROUTINES CALLED: UNIT DASSA (PRETOT,PRENEX,NEXT) L)
s SEGMENT PROCEDURE WVLOAD (RDV,RDVT) L4
®  VARIABLES: e
* USED: ICONT, IRAY,ITOTL (see UNIT DASSA) L)
s OFT (see SECMENT PROCEDURE WVLOAD) .
b MODIFIED: CH (see UNIT DASSM) b
L CH1,LABEL! (see SEGMENT PROCEDURE WVLOAD) *
L 4 L §
AERANEANRARNARNRERRANRALARNRNXNARARCAANAARRKEARRRIANARANALNE &)
BECIN
REPEAT
BEGIN

IFCOPT="'W') THEN LABEL):e'WEICHTS®
ELSE LABEL):=a'VALVES';

PACE(OUTPUT)Y ;

VRITE(OUTPUT,LABEL1,*: A(LL S(ELECT ');
ROPEAT ’

UNTIL KEYPRESS;

READ(INPUT,CHY)
END

UNTIL((CHla'S')OR(CH1s'A'));

VRITELN(OUTPUT) ;
REPIAT '
BEGIN
PRETOT;
IP(CHI='S') THEN PRENEX;
1FCICONT=0)
THEN
BECIN ‘
WRITELNCOUTPUT, ‘NRAN ENTERED IS INVALID');
VRITELNC(OUTPUT, ' CANY KEY) CONTINUVE');
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(8 SECMENT PROCEDURE WVLOAD #)

REPEAT UNTIL KEYPRESS:
READC INPUT, CH)
END
END
UNTIL(ICONT(}20);

REPEAT
BECIN
IPCCIRAYELVL,2)e0)AND(OPT='V*')) THEN RDV;
IPCCIRAYILVL,23)0)AND(OPT="'V')) THEN RDVT;
IPCITOTL=1) THEN NEIXT

END

UNTIL¢/ICONT=0)CRUITOTL(?1))

EIND; (® END VVLOAD: t)
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(% SECMENT PROCEDURE WVLOAD ¢)

(0 SRERRRRRELARRIARRDSRASSECARESRSERANENRES SONS

e ° L]
. BEGIN SBECMENT PROCEDURE WVLOAD ]
t ’ L]
AEREREARAARRRNN N ARRARASRESRRNRRASENANDANRERS B)
;CIN
REPEAT
PRCIN
REPEAT
BEGIN
PACE(OUTPUT) ; : S
VRITE(OUTPUT, 'WVC: W(EIGHT VC(ALUES C(ALCULATE E(XIT '):
REPEAT o :

UNTIL KEYPRESS;

READCINPUT,OPT) ;

IND )

UNTILCC(OPTe"W')OR(OPT='V* )OR(OPT='C')OR(OPT='E"));

IPC(OPT=*'C') THEH CALC
ELB8E IFCOPT()*E*') THEN WVLOAD1

END
UNTIL(OPTs'E")

-
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(s SECMENT PROCEDVRE NUM 2)
SECMENT PROCEDURE NUNM;

- (S SAREERERAENEPRARRESRESARNRRA RN ARRRROREARARRRRRNARARASEY

-\-"
0
h\_“
0%

SEGCMENT PROCEDURE NUM

USE: THIS SECMENT HOUSES THE PROCEDURES WHICH ARE
CALLED ON FOR OPTIONS DIS, NUM, AND REV.
PROCEDURES FOR OPTION D18 PROVIDEE FOR BOTH
TABULAR AND CRAPHICAL QUTPUT. IN ADDITION,
THE TABULAR OUTPUT CAN BE DIRECTED TO EITHER THE
CONSOLE OR THE LINE PRINTER. PROCEDURES FOR
OPTIONS NUM AND REV ARE COMBINED TOGETHER BECAUSE
OF THEIR SIMILAR FORMATS (OPTION REV I8 JUST A
SHORTENED VERSION OF QPTION NUM) AND CAN BE
DIRECTED TO EITHER THE CONSOLE OR THEZ PRINTER.

CALLED BY: PROGRAM DASS

ROUTINES CALLED: SEGMENT PROCEDURE NUM (OUTDEVICE,

NUMERICREVIEV,DISPLAY)
UNIT DASBA (NODIN, PRETOT, PRENEX)

. I

VARIABLES:
USED: CMD,IRAY,ICONT,FLAC (see UNIT DASSA)
MODIPIED: CH,ANBVER (sea UNIT DASSA)
CH!I (see SECMENT PROCEDURE NUM)

» ®» ® » % 2 P 0w % 0 B » 0 » % 0 B A ew
P NN 2NN JNE NN BN NEE NN BN NN DN NN NEE JNE NN NN BEE N N N I )

ERAARCAANALERECRSARARARAARNNRANARAANANAARARNRNARRRAKARNERARERASL &

VAR
CH1:CHAR;
OUT:STRING;
J: INTEGER;
P:FILE OF CHAR;
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(% SECHENT PROCEDURE NUM *)

o

.
N
L]
3
S

-

PROCEDURE OUTDEVICE;

(0 SRSENeSRNENNNAERR NN AR RRRNCeNERRERNRRARERARANRRARRRENEANAR

. N
® PROCEDURE OUTDEVICE ]
® VUYSE: THNIS PROCEDURE 18 CALLED ON BY OTHER ?PROCEDURES IN L]
L) THIS SEGCMENT IN ORDER TO DETERMINE WVHICH DEVICE THE *
] TABULAR OUTPUT I8 TO GO ON (CONSOLE OR PRINTER) L
¢ CALLED BY: SEGCMENT PROCEDURE NUM (DISPLAYO) €
t ROUTINES CALLED: (none) L
*  VARIABLES: *
L) USED: F (see SECMENT PROCEDURE NUM) s
L MODIFIED: CH (see UNIT DASSA) - L)
® ®
SRR SRANRRARARRERAANRRACARERARRRRNANNARNNANSAXERNNENARKENEARS )
BECIN
REPEAT
BEGIN
PAGECOUTPUT) ; .
VRITE(OUTPUT, ' C(ONSOLE P(RINTER ');
REPEAT
UNTIL KEYPRESS;
READ(INPVUT,CH)
END

UNTIL((CH="C')OR(CH="P"));

IF(CH"'P")
THEN REWRITE(F,'PRINTER: '}
. ELSE REVRITE(F,'CONSOLE:*);
/ EIND; (¢ END OUTDEVICE ®)
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o ‘ (v SECKENT PROCEDURE NUM ¢)
&
_ ) PROCEDURR NUMERICREVIEW;

b~ (R BRANENERNERRESEERAEREARERNERARERRANRSERERAENRNRONREANRAENRERANRORRERTE

[ ]
PROCEDURE NUMERICREVIEV ™
USE: MAIN PROCZGURE THAT SUZPORT OPTIONS REV AND NUM. s

PROVIDES OUTPUT DATA, NRN AND NODE LABELS IN THE CASE OF ¢
OPTION REV AND NRN, NODE LABELS, CUMULATIVE WEICHTS, t
RELATIVE VEIGHTS AND ALL ALTERNATIVE VALUES IN THE CASE
OF OPTION NUM. REVIEVS TO THE PRINTER ASSUME AN 80 »
COLUMN FORMAT VKEREAS REVIEWS TO THE CONSOLE ASSUMS AN ®
80 COLUMN FORMAT WHERE ONLY THE RIGHT OR LEFT HALF 18 )
DISPLAYED AT ANY GIVEN TIME. *
THIS PROCEDURE USES ONE SUBORDINATE PROCEDURE WHICH IS ¢
USED TO PAGE THE OUTPUT TO A NEW PACE (OR CLEAR THE ]
SCREEN IN THE CASE OF THE CONSOLE) AND PRINT NEV HEADINGC ®
INFORMATION. - R |
CALLED BY: SEGMENT PROCEDURE NUM » s
ROUTIMES CALLED: UNIT DASSA (INTTOSTRINC,NEXT) ®
SECMENT PROCEDURE NUM (NEVPC) 1

*

[ ]

|

*

[ ]

L

)

VARIABLES:
USED: NSYS,CHMD.LVL,]IRAY,ISTR,NODELABEL,COMMENTSTRING
ARAY , ICONT,VRAY, TITLE (see UNIT DASSA)
MODIPIED: ANSVWER,! (see UNIT DAKSA)
F,CH1,3 (see SECMENT PROCEDURE NUM)

SERERRAAREARAAENBANANERERAANRRNNICARARNRONRARNNEREARRARNEERP ERERARNERAR |
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(% SECMENT PROCEDURE RUiY %)

PROCEDURE NEVPG;

(s Q.llll'li!l..ll'..lI.l'tll.!!ll.lllltl'l'tl.'tlllll.lll!l.lllll

e — ot

']
¢  PFROCEDURE NEVPC . i
8 USE: CONSTRUCTS THE HEADER FOR A NEV PAGE OF OUTPUT VHETHER ¢ :
L THE OUTFUT SCCURS ON THE CONSQOLE OR THE LINE PRINTER. L '
L HEADER CONS.STS OF LABELS AND A LIST OF THE ]
L ALTERNATIVES (SYSTEMS). L
& CALLED BY: SEGMENT PROCEDURE NUM (NUMERICREVIEW) t
* ROUTINES CALLED (none) 2
t  VARIABLES: ’ L]
L USED: T.,TLE,CH . NSYS,SYSTEM:SYSTEMMAME (see UNIT DASSA) . '
. MODIFIED: ANSWER,l (see UNIT DASSA) t
s F (see BELMENT PROCEDURE NUM) ) [
s N
PRI RN R RN RN AR AR NS EARARNNRRRRURENRNRANSANERNACRNSENRRAANINRERNS %)
BEGIN
PAGE(F) ;
IF(CHa'P")
THEN VRITELN(F,'® REVIEW);
YRITELN(F,TITLE);

WRITE(F, ‘NOCE REF NUMBER LABEL  REL VT CUX WT ');
IF(CHe'P*) ,
THEN WRITE(F,' "
ELSE WRITE(F,' LABEL  *);
SEEK:BYSTEME,0);
ANSVER:=' ' ;
YOR 1:«1 TO NSYS DO
PEGIN
CET(SYSTENS); ,
VITH SYSTLHSA DO ANSVER:=CONCAT(ANSVER,COPY(SYSTEMNAME,1,3),' *)
END;
VRITELN(F, ANSVER) ;
WRITELN(F,' *)
END;  (* END NEVWPC ®)

.- 104 !
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(® SEGHENT PROCEDURE NUM *)

(8 RRSERERARARARRRERAERRRRAARACRARASORARENARACNARNRASANS

] ]
. B8ECIN PROCEDURE NUMERICREVIEW .
1 ]

SECIN
CH1:s'1"*;

REPEAT

J:=l;
IF(CMDe*REV")
THEN
BECIN
PAGE(F);
VRITELN(F.TITLE)
IND
ELSE
SECIN
NEVPC,
J:adel
END;

WHILE ((ICONT=1)AND(((JC23)AND(CHe'C*))OR((JC(S7AND(CH='P*)))) DO

BEGIN
ANSVER:=s'*;
FOR 1:=% TO LVL DO

BEGIN

INTTOSTRING(IRAY(I,1));

ANSWER : *CONCAT (ANSVER,ISTR, "' ')

END; ) - : .
ANSVER: «COPY .CONCAT(ANSWER ,NODELABELILVL],COMMENTSTRING) ,1,24);
WRITE(F,ANSVWER);

IF (CMD='NUNM')
THEN
BEGIN
VRITE(F,ARAYILVL,13:7:2,ARAYILVL,23:7:2);
IF(CH='P") ’ X
THEN WRITE(F,® ')
ELSE WRITE(F ,NODELABEL(LVLY);

FOR I:s1 TO (NSYS-1{) DO
WRITE(F,VRAYCLVL,11:4:2);

" WRITELN(E,VRAYCLVL,NSYS):6:2);
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(# SECMENT PROCEDURE NUM r)

.

END
3% .14
VRITELN(F);

™oL v

t

J:udel;
NEXT

IP((¢I)n23)AND(CHe*C' ) IORC(JIaS7)IAND(CHa 'P*)))
THEN
BECIN

e VRITE (QUTPUT, *¢(ANY KEY)> CONTINUVE <(ESC) EXIT');

REPEAT

- : UNTIL KEYPRESS;

' READCINPUT,CH1);

PACECOUTPUT)

END;

IO S AR s ara
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UNTIL((ORD(CH1)s27)OR(ICONT=0));

IP(ORD(CH1)=27) THEN CH:«CH};

END; (* END NUMERICREVIEW %) ?
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\ (* SECHENT PROCEDURE NUM )
o\ .
IS ‘\
)_ PROCEDURE DISPLAY;
ii (T SRR AARRRACARERERERRRRRRERRARNARNERRERRRRARERANRRREARRNRRRARCRRARY
L ] . N .
- ¢  PROCEDURE DISPLAY s’ :
¢ USE: PROCEDURE SUPPORT OPTION DIS. PROVIDES TABULAR OR .
- ' CRAPNICAL DISPLAY UF A NODE AND ITS IMMEDIATE DESCEND- ¢
. ENTS. INCLUDED IN THE DISPLAY ARE RELATIVE WEIGHTS, *
. . CUMULATIVE VEIGHTS. AND VALUES OF THE ALTERNATIVES FOR ¢ ‘
. THE PARENT AND CHiLDREN. .
' . USES TVO INMEDIATE SUBORDINATE PROCEDURES (DISPLAYO AND * ‘
) DISPLAYZ) TO PERFORM THE TABULAR AND GRAPHICAL DISPLAY. @ !
* CALLED BY: SEGMENT PROCEDURE NUM . :
T * ROUTINES CALLED: UNIT DASSA (CROSS) ]
. ' SECMENT PROCEDURE NUM (DISPLAYO,DISPLAY2) .
o *  VARIABLES: - *
.y T USED: 1ICONT (see UNIT DASSA) x
E ) v MODIFIED: CH (see UNIT DASSA) .
(A - * ]
' SRR SR C R RS R R R ARARAARRERREARARARARRRASRRRRRNSRARARRSRANANRNRARRRNRS )

VAR
1.J,K,L: INTECER;
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¢ SECKENT PROCEDURE NUM %)
PROCEDURE DISPLAY1; (* DISPLAY )

(® SRR RN AR R RR R R R RN R R R AR R R RN ARRRERRANARERORARRASRRRRARARNANEN

s
PROCEDURE DISPLAY1 L
USE: DISPLAYS, IN TABULAR FORMAT, THE INPUTTED NODE AND ALL .
IMMEDIATE CHILDREN OF TIIE TREE STRUCTURE. DATA PROVIDED
ARE THE LABELS OF THE NODES, EACH NODE'S CUMULATIVE *
WEICHT, RELATIVE VEICHT, AND VALUES OF EACH ALTERNATIVE. =
A TOTAL 18 PRINTED AT THE BITTOM OF EACH COLUMN .
REPRESENTING THE PARENT NODE INPUTTED BY THE USER. .
CALLED BY: BECMENT PROCEDURE NUM (DISPLAYO) ’ e
ROUTINES CALLED: UNIT DASSA (INTTOSTRING, NUMTOSTRINC) L]
VARIABLES: .
USED: ISTR,NSYS,LVL,IRAY,NODELABEL,SYSTEM:SYSTEMNAME, .
NCROSS ,ARAY,VRAY,LABELSTRING (see UNIT DASSA) s
MODIFIED: ANSWER (see UNIT DASSA) .
? (see BECMENT PROCEDURE NUM) s
1,3,K,L (see PROCEDURE DISPLAY!) L]
. ]
)

Il.lll...ltllllﬂllt..llll!llltl!ll.l!"!'tt.lllllittl'l..lllltlll |

VAR
1,9.,K,L : INTEGER;

BECIN
PAGE(F);
ANSVER:w'*;
FOR 1:=1 TO LVL DO
i BEGIN
i INTTOSTRINGCIRAY(I,11);
AN ANSVER : sCONCAT (ANSVER, ISTR, ' ')
i END;
VRITELN(F, ANSWER) ;
: : WRITELN(F ,NODELABELCLVL],'-");
, ANSVER:=' FACTOR °*;
; : FOR 1:=1 TO NSYS DO
BECIN
SEEK(SYSTEMS,1-1);
CET(RYSTEMS) ; ) :
VITH SYSTEM3A DO ANSVER:=CONCAT(ANSWER,' ',COPY(SYSTEMNAME,1,5))
"END; " ““
WRITELN(F, ANSVER) ;
FOR I:=1 TO NCROSS DO
BECIN -
J:=LVLel; . )
ANSVER: «COPY(CONCAT (NODELABELLJ),LABELSTRING) ,1,8);
IFCIRAYLJ,21a0)

S
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(* SECMENT PROCEDURE NUM @)

THEM ANSWER:«CONCAT(ANSVER,'t *)
- ELSE ANSVER:=CONCAT(ANSVER,* °*);
. FOR K:=1 TO NSYS DO

s . . BECIN

. NUMTOSTRING (VRAY{J ,K1);

> . ’ ANSWER : sCONCAT ( ANSWER, 15TR)

END;

. VRITELNCF, ANSWER)

N END;

ANSVER:="' TOTAL °';
FOR l:s«1 TO NSYS DO
, SECIN
KVHTOSTR}NG(VRAYILVL,l]);
ANSWER : =CONCAT(ANSWER, ISTR)
END;
VRITELN(F,ANSWER) ;
WRITELN(F,® *);
VRITELN(F,® FACTOR (VT) CUMYT*);
FOR I:=1 TO NCROSS DO
BEGIN
J:wlVLel,; :
ANSVER :=COPY(CONCAT(NODELABELL{J),LABELSTRING),1,8);
IFCIRAYLJ, 21=0)
THEN ANSWER:=CONCATCANSWER,'s ')
ELSE ANSWER:sCONCAT(ANSVER, ' )
NUMTOSTRING(ARAY(J,11);
) ANSVER : sCONCAT(ANEVER, * (' ,COPY(ISTR,¢,3),')");
i NUMTOSTRING(ARAY(J,213);
WRITELN(F ,ANSWER, ISTR)

Ty . END;
| NUMTOSTRING (ARAYCLVL.31);

. WRITELN(F,' TOTAL ', ISTR)
l -

END; (* END DISPLAYL ®)
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(= SECMENT PLOCEDURE NUM »)

PROCEDURE DISPLAY2;

(F ERRRREARRAR RS NERAREANRRNRRRSENRRRARENERRRASRINRREENRNAROTRONRRS

PROCEDURE DISPLAY2

UBE: DRAVS THE GRAPHICAL REPRESENTATION OF OPTION DIS8 BY
DRAVING A WIRINGC DIACRAM WITH THE PARENT NODE
INPUTTED BY THE USER AT THE TOP AND ITS CHILDREN
BELOV. BELOV EACH CHILD (TO THE RIGCHT OF THE
PARENT) I8 A BAR-GRAFPH REPRESENTATION OF THE VALUE
OF EACH ALTERNATIVE (INPUTTED OR COMPUTED).
JUST ABOVE EACH CHILD (BELOW FOR THE PARENT) THE
CUMULATIVE WEICHT AND RELATIVE WEICHT (THE RELATIVE
WEIGHT IS IN PARENTHESES) ARE OUTPUTTED.

. THE UPPER LEFT HAND CORNER OF THE GCRAPHICS OUTPUT

I8 A LECEND INDICATING WHICH COLOR (ORANGE,VIOLET,
BLUE, GREEN, AND WHITE1) REPRESENTS WHICH ALTERNATIVE
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o PROCEDURE HAS THREE SUBORDINATE PROCEDURES (VWTS,
{-.‘,: DRAVBLK, AND SYSBLK) WHICH AID IN DRAVING THE VIRING
hews DIAGRAMS. ‘ 1

HAS SPECIAL FLAG, FLAG2 WHICH DETERMINES THE STYLE

OF VARIOUS GRAPHICAL OUTPUTS )
FLAG2 = 1 DISPLAY CHILDREN DATA STYLE
FLAG2 = 1 DISPLAY PARENT DATA STYLE
FLAG2 = 3 DISPLAY LEGEND DATA STYLE

CALLED BY: SCCMENT PROCEDURE NUM (DISPLAY)
ROUTINES CALLED: SECMENT PROCEDURES NUM (WT$,DRAWBLK,
SYSBLX)

VARIABLES: :

USED: NODELABEL,TENSTRING,NCROSS,IRAY,

' LVL (see UNIT DASSA)
MODIFIED: ANSWER,CH (see UNIT DASSA)
J.X,Y,FLAG2Z,CONTROL (see PROCEDURE DISPLAY2)

L N T JEC N B B NN B NN BN B N NN N N N BN N A NN BN N B N B Y BN BN N N A
“ B W S B W R RN R BB R NH DD ® NSNS KRR NS NN SRR

ERRARRARREENANRRRANEARANARASARRARNERCPARNEENNAARNSRANRAERBERRNRRR &

VAR
L, Y:INTECGER;
FLAG2,J9,CONTROL : INTEGER;
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(* SECMENT PROCEDURE NUM ®)

PROCEDURE WTS;

(8 REEARRRERERNE RRRERERARR AR RRRARAARARRRANDANERANNARARKTRARSERARE

[ ] ]
2 PROCEDURE V¥ t .
* USE: WRITEE JUT THE CUMULATIVE VEIGHT AND RELATIVE WEICHT ¢
] (THE RELATIVE WEIGHT IN PARENTHESES) FOR ANY CIVEN *
) NODE. REQUIRES AN X AND Y VALUE BE SET WHICH *
s REPRESENT2 THE LOVER LEFT SCREEN COORDINATE WHERE THE ¢
» VRITING I8 TO TAXE PLACE. :
t  CALLED BY: SEGMENT PROCEDURE NUM (DISPLAY2) L
* ROUTINES CALLED: UNIT DASSA (NUMTOSTRING) : £
t  VARIABLES: : »
2 USED: ARAY (see UNIT DASSA) *
s X2.Y tsee PROCEDURE DISPLAY2) ]
* MODIFIED: 1STR (see UNIT DASSA) )
| ] L
LR AR RN R AR R AN AR R R AR ARRARNAARNAARRARAARRENNRRRANASENANRENSD s)

BEGIN
NUMTOSTRING (ARAY(J,11);
MOVETO(ZX-5,Y+14);
ESTR:=CONCAT(* ("’ ,ISTR, )" );
WSTRINGC(ISTR);
NUMTOSTRING{ARAY(J,21);
IBTR:«COPY(ISTR,3.,4);
MOVETO(X+46 ,Y+14);
WSTRING( ISTR)

END; (= END VTS ®)

AT e e
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t* SECMENT PRLOCEDURE NUN s) !

PROCEDURE DRAVRLX(X,Y:INTEGIR);

(8 RERNRRRREERARRRARNRR AR AR RARNARERRRRRARANSEANEERPRARRRAIREANGRERY

PROCEDURE DRAWBLX
USK: SUBORDINATE PROCEDURE TO DISPLAY2. DRAWS THE BLOCXS IN

THE WIRING DIAGRAM WHERE THE LABELS OF THE NODES ARE

PLACED.

SECMENT PROCEDURE DUMMY.

SIMILAR IN FUNCTION TO PROCEDURE DRAVBLK IN

.
.
N
.
) .
_USES TWO ARCUMENTS WHICH ARE THE SCREEN COORDINATES OF .

THE LOWVER LEFT HAND CORNER OF THE BLOCKS L
CALLED BY: SECMENT PROCEDURE NUM (DISPLAY2) L]
ROUTINES CALLED: (none) L
VARIABLES: s
USED: X,Y (see PROCEZDURE DRAVBLK) .
MODIFSED: (none) 8

. "

)

CERERERRRRRRERNAANANRLLNNNANINANRAANSRARAADPANERARRRANNARNERRARNARRSE &
SECIN

VIEVPORT(X,X+73,Y,Ye13);
PILLSCREEN(GREEN);
VIEVPORT(Xe1,%¢73,Ye1,Ye12);
FPILLSCREER(BLACK);
VIEVPORT(0,279,0,191)
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PROCEDURE SYSBLK

(2 epgesRteRantt

PROCEDURE SYS$
USE: DRAVS,

PROCEDV

MONITOR

VARIABLES:

MODIFIED

LR B B AR B B AN R A B A BN 2N B B B AN BN

SRRSPRRANANRENRR

VAR

(s SECMEMNT PROCEDURE NUM *)
(X,Y: INTEGER) ;

SEEAARRRENRRARENRNATRRTARNRRASRRAASERRNAENROOCAREN

| 34 4
IN BAR GRAPHR FORMAT, THE VALUES OF THE

ALTERNATIVES FOR A SPECIFIED CHILD NODE OF THE
INPUTTED NODE (SPECIFIED BY VARIABLE J).

THE INPUT ARCUMENTS ARE THE LOCATION THE LOVER LEFT
HAND CORNER WHERE THE FIRST BAR 18 TO BE DRAVN. THE

RE THEN DRAVS THE REMAINING BARS (UP TO FOUR)

RELATIVE TO THAT COORDINATE.

IN ADDITION, THE PROCEDURE WRITES THE LECEND WVHICH
CONSISTS OF COLOR BARS AND THE FIRST FOUR LETTERS OF
CACH ALTERNATIVE IN THE UPPER RICHT CORNER OF THE

CALLED BY: SECMENT PROCEDURE NUM (DISPLAY2)
ROUTINES CALLED: (none)

USED: SYSTEMS:SYSTEMNAME,NSYS,VRAY,LVL

(see UNIT DASSA)

.Y, FLAG2 (see PROCEDURE DISPLAY2)

1

L]

[ 3

]

| ]

[ 4

[ ]

®

[ 3

| ]

]

| ]

SCREEN. _ ’
1 4

]

| ]

]

| |

]

: ANSWER (see UNIT DASSA) .
J (see PROCEDVRE DISPLAY2) *
CONTROL1,Y1 (see PROCEDURE SYSBLK) .
|

)

AREERARRLRRERAARARANSERRARNANAANARNRARAANAREAR &

CONTROL1 ,Y1:INTECER;

BECIN
FOR CONTROL
BECIN

1:=1 TO NSYS DO

CASE FLAG? OF

1: T1:aT

RURC(VRAY[J,CONTROL11%0.43);

2: Y1:«TRUNC(VRAYILVL,CONTROL1220.43);

3: Y1:=4
END; (*®

]
CASE OF FLAG2 )

CASE CONTROLS OF

: BEGIN
: BECIN
BECIN
REGIN
BEGIN

A N
ee os ws e

Y . e s AR F—y

VIEWPORT(Y , Xe10,Y-45,Y-43+Y1); FILLSCREIN(ORANGE) END;
VIEWPORT(X+15,X423,Y-45,Y-45+Y1); FILLSCREEN(VIOLET) zZND;
VIEWPORT(X+30,3+440,Y-45,Y-45+Y1); FILLSCREENC(RLVE) END;
VIEWPORT (X445, ,X455,Y-43,Y-45Y1); FILLSCREENC(CREEN) END;
VIEWPORT(X+60,T¢70,Y-45,Y-45+Y1); FILLSCREEN(WHITEL) END;
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(4 SECMENT PROCEDURE NUNM *.

END; (# END CASE @)

'Lf  VIEVPORT(0,279,0,191);

- 1P (FLAG2=3) _ .
o THEN :
AR BICIN -
SEEK(SYSTENMS,CONTROLI-1);
. CET(SYSTEMS);
7 VITH SYSTEMSA DO ISTR:=SYSTEMNAME; )
- TOR J:e1 TO ¢ DO :
A i SECIN :
. v ANSVER:«COPY(ISTR,J,1);
o MOVETO( 74 (158 (CONTROL1-1)),191-(100J));
.. VBTRING( ANSVER)
o END

END
ZND

N
. END;

- .
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(# SEGMENT PROCEDURE KUM *)

P

- (0 SERRRRRRARREEER R AR ERESRRSEEERREURSRARRRASRARRARARRRANIRND
. e
) . BEGIN  PROCEDURE  D18PLAY2 ]

ARERSRNRSARANANEERARARAREFASAARNRRAREARNENNERNQONRNOARRARNE &)

BECIN
INITTURTLE;
FLAG2:el;
MOVETO(83,153); VSTRINGU'(REL VT)');
MOVETO0(142,133); WSTRING('CUN WT*);

2:e105; Y:«1768; DRAVALK(X,Y);
ANSVER:«COPY(CONCAT(NODELABELILVL), TENSTRING),1,10);
MOVETO(3107,180); WSTRING(ANSWER);

FOR CONTROL:=1 TO NCROSS DO

SECGIN
J:aLVL+CONTROL ;
ANSVER: «COPY(CONCAT(NODELABELCJ) ,TENSTRING),1,8);
IP(IRAYLJ,2)=0)
THEN ANSVER:sCONCAT(ANSWER,*'s');

CASE CONTROL OF

|
BEGIN
: 2:25; Y:e113; DRAVBLK(X,Y);
X : MOVETO(7,118); VWSTRING(ANSWER: ; :
, vTS; ' |
MOVETO(137,178); PENCOLOR(GREEN);
MOVETO(13%,141); MOVETO(3%9,141); MOVETO(39.128);
PENCOLOR(NONE) ;
SYSBLK(XIs1,Y);
‘END;

: 2:
- BEGIN
1:«103%; DRAVWBLK(X.Y);
MOVETO(107,115); VWSTRING(ANSWVER);
YTS; MOVETO(139,141); ’
PENCOLOR(GREEN); MOVETO(139,124);
FENCOLOR/NONE) ;
SYSBLK(X,Y);
IND;
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(* SEGMENT PROCIDURE NuM =)

1"

4 xa'a

Y

SECIN
. £:+305; DRAVBLK(X,Y).
- MOVETO(207,115); VSTRING(ANSVER);
o VTS; MOVETO(139,141); PENCOLOR(GCREEN);
; MOVETO(239,141); MOVETO(239,124);
PENCOLOR (NONE) ;
SYSBLK(X,Y);
END;

q:

SECIN

2:28S5; Y:a45; DRAVBLK(X,Y);
MOVETO(S$7,47); VSTRING(ANSVER);

VTS8; MOVETO(93,141); PENCOLOR(GCREEN);
MOVETO(?93,58); PENCOLOR(NONE);
SYSBLK(X,Y);

END;

$:

BECIN

Z:23185; DRAWBLK(X,Y);

HOVETO(157,47); WSTRINC(ANBWER);

VTS; MOVETO(1%1,341); PENCOLOR(GREEN);
MOVETO(191,58); PENCOLOR(NONE);
SYSELX(X,Y);

END;

; END; (®* END CASE ®)
i END; (* END OF FOR LOOP =)

NOVETO(181,18%); PENCOLOR(GREEN);
MOVETO(200,185); PENCOLOR(NONE);

PLAC2:=2; SYSBLK(202,191); (* FOR NODE VALUES %)
FLAC2:=3; SYSBLK(4,1?1); (2 FOR SYSNAMES %)
! J:elVL;X:e97,;Y:x150,VTS;
REPEAT
: : UNTIL KEYPRESS;
' READ(CH) ;

TEITMODE
IND; (* END DISPLAYZ 1)

ite
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(x SECMENT PFROCEDURE NUM *°

PROCEDURE DISPLAYO:

(8 2R PR N AR R ER AR R RN R AR RN R RN NN R R AN NI AAERIAANIAREERRREARATRANAR

2 2
* PROCEDURE DISPLAYD L
* USE: DETERMINES METHOD OF OUTPUTTING THE TABULAR DISPLAY *
L] (CONSOLE AND PRINTER), DETERMINES THE CHILDREN OF .
L4 THE INPUTTED NODE, AND PROCEEDS TO THE DISPLAY! L]
L] ROUTINE. ]
2 CATZLLED BY: SEGMENT PROCEDURE NUM (DISPLAY) .
t  ROUTINES CALLED: UNIT DASSA (CROSS) L
a *
1 )
% *
] 2
) 2
) t
3 )

SEGMENT PROCEDURE NUM (OUTDEVICE,
DISPLAY1)
YARIABLES:
USED: (none)
MODIFIED: (none)

IIIVIRARXRAAXALRARARRARRRARNKANRAARAAIRNAAARRARAAARRAAARRRAARARRRNSE &

REGIN
QUTDEVICE;
CROSS;
DISPLAYS
IND;
(¢ END DISPLAYO ®)
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(* SECMENT FROCEDURE NUX s}

]
. BECIN PROCEDURE DL SPLAY .
] L]

l'.lll..'llllt.i..!lll!lItlllﬂlt'l!l.!!llllllll'!l!llllﬁ' ")
SECIN

IF(ICONT()0)
THEN
BEGIN
REPEAT
REGIN
PAGE(OUTPUT) ;
VRITF (OUTPUT, 'T(ABULAR G(RAPHIC *);
REPEAT
UNTIL KEYPRE:SS;
READ(CH)
END
UNTILC(CHe*T*JOR(CH='C"*));

IF(CHe'T*)
THEN DISPLAYO

ELSE
BECIN
CROSS ;
DISPLAYZ;
CH:u'GC?
IND

ERD; (* END IF »)
END; (* DISPLAY *)
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(¢« SECMEMNT PFOCEDURE NUM )

(0 RRERRRRERARRRARERRRANRRRRRRANRRERRRRRERANNRNONRRRERORABRNY

4 BEGIN SECMENT PROCEDURE NUM *

SERSRRRRRARARARRARANRRNERRRSARNRPRARPRANARRNBERERNNERDY ¢£)

- BECIN
PRETOT,
IF(CMDs'DIS*)
THEN
5 ; BECIN
. ‘ REPEAT
. BECIN -
PAGE(OUTPUT);
; VRITELN(OUTPUT, 'ENTER NODE TO BE DISPLAYED ..');
NODIN;
IFC(ICONTOI D)
: THEN '
- IF (1eAYLLVL,21¢(1)
THEN BECIN
VRITELN(OUTPUT, ‘NODE IS A DATA NODE AND CANNOT BE DISPLAYED');
VRITELN(OUTPUT, 'DEPRESS RETURN TO CONTINUE');
READLN(INPUT,ANSWER) ;
END
ELSE ICONT:sICONT
ELSE 1CONT:=ICONT
END
UNTIL((ICONT=0)ORCIRAYELVL,23)>=1))
END

ELSE
BECIN

PRETOT,
REPEAT
BECIN
PACE(OUTPUT);
VRITE(OUTPUT,'A(Ll S(ELECT');
: REPEAT
. UNTIL KEYPRESS;
READ(INPUT,CH)
- END
UNTILC((CHs'A')OR(CH='5"')),
, . . IF(CHe'S")
- : THEN BECIN
VRITELN(OUTPUT,' '),
: PRENEX
z END;
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~(®* SECMENT PROCEDURE NUM *!

OUTDEVICE
END.

IF(FLACSY) . ;
THEN BIGIN .
PACE(OUTPUT) ; )
VRITELNC(OUTPUT, 'VARNING . . . ');
VRITELN(OUTPUT, "TRZE NEEDS TO BE (RE)CALCULATED');
VRITELN(OUTPUT, *OUTPUT VALUES MAY BE INCORRECT');
VRITELN(OUTPUT);
VRITELNC(OUTPUT, 'PRESS ANY KEY TO CONTINUE');
REPEAT
UNTIL KEYPRESS:
READ(CH1)
END;

IF((CMD="NUM')OR(CMD='REV*)) THEN NUMERICREVIEV
BLSE If (CMD='DIS‘') THEN DISPLAY;

CLOSE(F);

IF (CCH()'G')AND(ORD(CEI(>27))

THEN BECIN
VRITELN(OUTPUT); ST .
VRITELN(OUTPUT, 'PRESS ANY KEY TO CONTINUE'); : .
REPEAT . ' - f
UNTIL KEYPRESS; ' o 1
READ(CH)
E"n;, :

END; (» END SECMENT NUM m) ’
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. ¢(* SEGMENT PROCEDURE SENSITIVITY #)
SECMENT PROCEDURE SENSITIVITY;

(R SRR RE N R R R AR AN R AN AR AR NN AR RN ANRN NN RN ARARAAANNRNRCNNIRARRIRNR RN

®

*  SEGHMENT PROCEDURE SENSITIVITY

* USE: THIS SECMENT CONTROLS ALL THE SENSITIVITY ANALYSIS THAT
® 18 IN THE DASS PROGRAM. THE SECMENT PROVIDES FOR

* SENSITIVITY ON CUMULATIVE WEIGHTS (EFFECTS TO THE

* TREE STRUCTVRE), RELATIVE WEIGHTS (EFFECTS ON A GIVEN

* SPAN AGAINST THE OVERALL TREE STRUCTURE, AND VALUE OF

® A SPECIFIC ALTERNATIVE ON A SPECIFIC DATA NODE. THE

" SECMENT PROVIDES GRAPHICAL OUTPUT ON THE MONITOR ONLY;
. HOWEVER, THE SECMENT PROVIDES TABULAR (NUMBERS) OUTPUT
® TO EITHER THE CONSOLE OR THE LINE PRINTER. THE

t SEGMENT ALSO HAS THE CAPABILITY TO PRESENT THE GRAPHICAL
® OUTPUT IN TWO FORMS. THE FIRST FORM GIVES THE RANGE OF
1 THE VALUES OF THE ALTERNATIVES AT THE NODE IN QUESTION
) FROM 0-100, WHILE THE SECOND GIVES THE RANGE OF VALUES
8
]
T
]
]
]
]
*
]
]
]
]
]

OF THE ALTERNATIVES AS THE NEAREST 20 FROM THE LOWEST
AND HIGHEST VALUES OVER THE SENSITIVITY RANGE UNDER
CONSIDERATION.
CALLED BY: PROGRAM DASS
ROUTINES CALLED: SEGCMENT PROCEDURE SENSITIVITY (WARNING,
DETERMINENODE, CALCARRAY, TABDISPLAY,
GRAPH)
VARIABLES:
USED: FLAG (see UNIT DASSA)
HODIFIED: CH (see UNIT DASSA)
CH1,SENS (see SECMENT PROCEDURE SENSITIVITY)

w B B B N B N B ¥ B B R R ¥ N PR BN NN N N NN S NN

t!ﬂuﬁaanlttltttt!!ltllt!lt!.llllt!lltttllll!lllllltllllltltllll‘l
VAR

DELTA,¥,WMIN,WMAX ,WMAX! ,WDELTA ,MIN,MAX,X:REAL;

BYSNUK, INDX,I,J,K,L: INTEGER;

VHOLO: ARRAY (0..10,0. . MAXSYSTEMS) OF REAL;

SYSNLNHE,SENS: STRING;

CH1:CHAR,;
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(¢ SECMENT PROCEDURE SENSITIVITY ®)
PROCEDURE ANYXEY;

(8 SEFRRRRAERRRAREERRRARERRRARNRNANNENRANRARCORRRSRNARARRRASES

n
PROCEDURE ANYXEY .
USE: SIMPLY WRITES OUT A MESSAGCE TO DEPRESS ANY KEY L
TO CONTINUE PROCESSING. §5 CALLED THOUGCHOUT THIS *
SECMENT. . ”
CALLED BY: SEGMENT PROCEDURE SENSITIVITY (SEXVALUE, t
DETERMINENODE ,WARNING) ]

ROUTINES CALLED: (none) ]
VARIABLES ¢
VSED: (none) N
MODIFIED: CH (sse UNIT DASSM) »

'

)

» P B ® 8 ®s R YR AW

RESARREANRERREARRRNNRRRFRAARERANANBRRANRRARRAAARRABRNANSS &

BECIN
WYRITELMC(OUTPUT, *¢ANY KEY) CONTINUE');
REPEAT
UNTIL KEYPRESS;
READ(INPUT,CH)
END;

12¢




(= SEGMENT PROCEDURE SENSITIVITY ¢)

PROCEDURE WARNING;

(8 EERERRAR AN R RN RN RN ANRRARN RN RAERANRNNRRANRAANRRARNARRARRRAR

t
8  PROCEDURE WARNING ] .
®* USE: PRODUCES MESSAGE IF VALUES, WEIGHTS, OR *
L] ALTERNATIVES HAVE BEEN ADDED/DELETED TO THE TREE "
* STRUCTURE AND THE TREE HAS NOT BEEN RECALCULATED L
L] SINCE. ]
* CALLED BY: SECMENT PROCEDURE SENSITIVITY *
t ROUTINES CALLED: SEGMENT PROCEDURE SENSITIVITY (ANYXEY) ]
®*  VARIABLES: ®
b USED: (none) L
L HODRIFIED: (none) L)
] . ]
RERARA AR RN RS AANANR AN RNRRRRANARNANERAANARNRIANNRARRRLARAR &)
BEGIN
VRITELN(OUTPUT, 'WARNING . . .*');

WRITELN(OUTPUT, 'TREE NEEDS TO BE (RE)CALCULATED');
VRITELNCOUTPUT, 'REPORTED VALUES MAY BE INCORRECT!');
VRITELN(QUTPUT) ; -

ANYKEY
END;




o (¢ BECMENT PROCEDUFE SENSITIVITY =)

PROCZDURE DETERMINENODE;

(8 EERERRRRRENARERRARRARRNRRRRARARERARRRERARARRRRNAREERRRRRORNEE

S

| ]
PROCEDURE DETERMINENODE s
USE: SOLICITS INFORMATION FROM THE USER CONCERNING WHAT ¢
NODE THE SENSITIVITY ANALYSIS IS TO TAKE PLAZE. t

THE PROCEDURE CONTAINS SAFEGUARDS THAT PREVENT *
SENSITIVITY ANALYSIS BEINGC CONDUCTED ON NON-EXISTENT *
NODES AND NON-DATA NODES WHEN VALUE SENSITIVITY I8 =

TO TAKE PLACE. s

IN ADDITION, SOLICITS INFORMATION CONCERNING THE .
NAXINUN AND MINIMUM LIMITS THAT THE SENSITIVITY *
ANALYSIS 18 TO BE CONDUCTED 1
TKIS PROCEDURE HAS ONE SUBORDINATE PROCEDURE THAT t
SOLICITS INFORMATION WHEN VALUE SENSITIVITY 18 TO *

BE CONDUCTED. t
CALLED BY: SECMENT PROCEDURE SENSITIVITY . ]
ROUTINES CALLED: UNIT DASSA (PRENEX,CROSS,STRTOREAL) *
SECMENT PROCEDURE SENSITIVITY (SENVALUE, ¢

ANYXEY) 2

VARSABLES t
USED: IRAY,ARAY,NODELABEL (ses UNIT DASSA) :

S8ENS (see SEGMENT PROCEDURE SENSITIVITY) t

MODIFIED: LVL,1CONT,ANSWER (see UNIT DASSA) t
INDX,1,WMAX ,WNIN,WMAX]1 (see BEGCMENT .

PROCEDURE SENSITIVITY) ®

| ]

)

L 2 BRI I JF N N N N N NN R B ONE BN BRI N N NN I B BN N
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(®# SECMENT PROCEDURE SENSITIVITY r)

PROCEDURE SENVALUE;

(F IR AR RN AR AR R AN R RN NN RN RN RN AN RN IR ANANERRAANINRARRERARANSIARANRS

1] *
* PROCEDURE SENVALUE *
* USE: SUBORDINATE PROCEDURE TO DETERMINENODE. THIS PROCEDURE ¢
* DISPLAYS ALTERNATIVES (SYSTEMS) WHICH ARE AVAILABLE *
* FOR VALUE SENSITIVITY ANALYSIS. 1IN ADDITION, THE *
T PROCEDURE READS IN THE USER'S CHOICE AND DETERMINES IF *
b IF THE INPUT VALUE IS INDEED AN EXISTING ALTERNATIVE *
t (SYSTEM). AFTER A CORRECT ENTRY 1S MADE, THE PROCEDURE ]
. DISFLAYS THE CURRENT VALUE OF THE ALTERNATIVE (SYSTEM) t
. AT THE PARTICULAR DATA NODE. *
* CALLED RY: SEGMENT PROCEDURE SENSITIVITY (DETERMINENODE) ®
¢ ROUTINES CALLED: SEGMENT PROCEDURE SENSITIVITY (ANYKEY) L
%  VARIABLES: *
. USED: SYSTEMS:SYSTEMNAME, N8YS, TENSTRING, VRAY, LVL, *
. MAILABELSIZE (see UNIT DASSA) t
® MODIFIED: ANSWER (see UNIT DASSA) L]
. SYSNUM,SYSNAME,I (see SECMENT PROCEDURE *
. SENSITIVITY) .
] ]
L )

LR EE 2R AR R R R AR R RS RRRRRRRRRRRRRRRRRRRRRZR2 020 R 8220 0] B

BEGIN
REPEAT
BECIN

VRITELM{QUTPUT);
VRITELM{QUTPUT, 'SYSTEMS AVAILABLE'),;
FOR 1:=1 TO NSYS DO

BECIN )
SEEK(SYSTEMS,1-1);

GET(SYSTEMS);

ViTH SYSTEMSA DO WRITELN(OUTPUT,®' °*,SYSTEMNAME)
END;

VRITELM(QUTPUT) ;
VRITELM(OUTPUT, 'ENTER SYSTEM OF WHICH VALUE IS8');
VRITELM(OUTPUT, 'TO BE PRETURBED. . .');
READLN{INPUT, ANSWER) ;
ASYER: =COPY(CONCAT(ANSWER, TENSTRING) ,1 ,MAXLABELSIZE);
8YSMUM: =0,
FOR i:=1 TO NSYS DO

BEGIM

SEEX(SYSTEMS,I-1);

GET(SYSTEMS);

¥iil SYSTEMSA DO

17 {ANSVER=sSYSTEMNAME) THEN SYSNUM:sl;

9.
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(¢ SECMENT PROCEDUFE SENSITIVITY #)

END;
SYSNAME : o ANSVER;

IF (SYSNUNMeO)
THEN | ’
BECIN ‘ :
VRITELN(OUTPUT, *SYSTEX ENTERED NOT VALID');
ANYKEY;
PAGE(OUTPUT)
_END;
END
UNTIL(SYSNUM()0);
VRITELN(OUTPUT, 'CURRENT NODE VALUE I8 °*,VRAYLLVL,SYSNUM1:S$:2);

END; (* END SENVALUE *)
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(* SECMENT PROCEDUERE SENSITIVITY #)

(8 IXX2ABARARRARARARANRRARAARRRANEIRNARRARANRARAARANERAS

b L]
] BEGIN PROCEDURE DETERMINENODE *
2 *

ANIRALIRNTANANARANNARNAAARNNIAARNAARARNEANRNIRRARAAIARINARA )

BEGIN

(M03:=0;
REPEAT

BEGIN

PAGE(OUTPUT) ;

WYRITELNC(OUTPUT, 'SENSITIVITY ANALYSIS FOLLOWS:');

YRITELN(QUTPUT, 'NRN FOR WHICH ',SENS,' I8");

YRITELN(OUTPUT, 'TO BE PRETURBED');

PRENEX;

IF(1CONT=0)
THEN
VRITELN(OUTPUT, 'NODE DOES NOT EXIST...')

ELSE
IF({COPY(SENS,1,1)e'V')ANDCIRAYC(LVL,23¢)0))
THEN
BECIN -
WRITELN(OUTPUT, 'NODE NOT DATA NODE...');
1CONT: =0 :
END;

I# (1CONT=0) THEN ANYKEY;
END
UNTIL(ICONT=1);

FOR 1:a1 TO LVL DO WRITE(OUTPUT,IRAYILI,13,* ');
YRATTELN(OUTPUT ,NODELABELILVL]);
IF(COPY(SENS,1,1)s'C")
THEN
VRITELN(OUTPUT, 'CURRENT NODE CUMWT 1S‘,ARAYILVL,21:5:2)
ELSE
{F(COPY(SENS.1,1)a'V")
THEM SENVALUE

 §4: 19

3G 1INM
YRITELN(OUTPUT, 'CURRENT NODE RELWT [S',ARAY(LVL,11:35:2);
IMOX:=IRAYLLVL,1); LVL:=sLVL-1;
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: t(* SECMENT PROCEDULE SENSITIVITY &}

H CROSS
; END;
I - © IPCSENSe'VALUE') THEN WHMAX:=100
" : ELSE WMAX:wi; .
’ - REPEAT
BEGIN

o VRITE(OUTPUT, ‘MININUM *,SENS,' (0 ~
- READLNCINPUT, ANSWER)

- : WMIN: «8TRTOREAL (ANSVER)

*LWMAX:S:1,') I8 ? ),

END
UNTILCCWUMINY #0) AND( ¢ (WMINC=].0)AND(SENS(¢) 'VALUE'))OR
* . C(WMIN(=100.0)AND(SENS="'VALUE*))));
REPEAT
. BEGIN
‘_ VRITE(DUTPUT, 'MAXIMUM *,SENS, (' ,WMIN:S:1,' -',WUMAZ:S:1,°) 18 ? *);
P READLN(¢ INPUT, ANSWER) ;

e . VHMAZXS : s STRTOREAL (ANSVER)

b ' END

N UNTIL{(WMAZ 1)« WMIN)ANDC ((WHMAXE (=] .0)AND(SENS() ' VALUE')IOR
((WMAX1(=100.0)AND(SENS='VALUE'))));

VMAX : sWHMAXL

END; t{* END PROCEDURE DETERMINENODE %)
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(* SECMENT PROCEDURE SENSITIVITY w)
ROCEDURE CALCARRAY;

T AN AN RN NIRRT AR R NI AR RN IR R AR TR RARNRRR AN EANANER
k ®

PROCEDURE CALCARRAY -,
USE: THIS PROCEDURE CALCULATES THE SENSITIVITY ANALYSIS VALUES ¢

FOR ALL OPTIONS CURRENTLY IN DASS. PLACES THE ANALYSIS .

VALUES IN THE WMOLD ARRAY TO FACILITATE DISPLAY IN EITHER

THE GRAPHICAL OR TABULAR MODE. THE VARIABLE CONTROL L]

DETERMINES THE SENSITIVITY WHICH 1S TO BE ACCOMPLISHED ]

BASED ON USER INPUT. L]
CONTROL « t . . . CUMULATIVE SENSITIVITY ]

CONTROL = 2 . . . VALUE SENSITIVITY L

CONTROL = 3 . . . RELATIVE SENSITIVITY 2

THE ACTUAL CALCULATIONS OF THE VALUES AS THE SENSITIVITY

ANALYSIS 1S BEING CONDUCTED 18 DONE VIA THE CASE L]

BTATEMENT. . : *

THE RELATIVE WEICHT SENSITIVITY ANALYSIS IS8 CONDUCTED L)

BY VARYING THE NODE DESIRED QVER THE INPUTTED RANGE AND L

THE OTHER SIBLINGS RECOMPUTED TO MAINTAIN RELATIVE .

IMPORTANCE AMONGC THEMSELVES AND COMPLEMENTING THE ]

SENSITIZED NODE. *

CALLED BY: SEGCMENT PROCEDURE SENSITIVITY *
ROUTINES CALLED: (none) .

VARIABLES: . .
USED: NCROSS,IRAY,ARAY,.LVL NSYS (see UNIT DASSA) L]

SENS, INDX,SYSNUM (se¢ SEGMENT PROCEDURE SENSITIVITV)S

MODIFIED: VWDELTA,WMAX,WMIN,I1,X,WHOLD,L,X (sea SFCMENT 8

PROCEDURE SENSITIVITY) *

8UNM,VTENP NEWSUM,CONTROL (sea PROCEDURE )

CALCARRAY) ]

t

)

llllill.'l‘.ti‘.!llt"ll!.lIll.l'lllltllt!ltllt!'ltlllll.'ll!ll! ®

VAR

VTENP ,NEVSUM,SUM: REAL;
CONTROL: INTEGER;

ECGIN

VDELTA: = (VMAT-WNIN) /10;
JF(SENS='CUNVT') THEN CONTROL: =1}
BLBE .IT(BENSs'VALUE') THEN CONTROL:e3
ELSE CONTROL:#3;
IF(CONTROL=3)
THLA

BECIN
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(* SECMENT PROCEDURE SENSITIVITY ¢)

SUM:=0;

FOR l:=1 TO NCROSS DO
IFCINDXC) IRAYLLVE+1,1))
THEN SUM:=SUMeARAYLLVLe],1)

END;

FOR 1:20 TO 10 DO
BRGIN
I:wl;
L:aIfWDELTAWNIN;
VHOLD(!1,03:=X;
FOR X:=1 TO NSYS DO
CASE CONTROL oOF

t WHOLDLI,X): -(VRAY[LVL.K)'!)Q((l-!)'((VRAYII,KJ (VRAYILVL.KI'
ARAYCLVL,23))/C1-ARAYCLVL, 11,

3: IF(K=SYSNUM) THEN WHOLDII,K3: -VRAY[!,KJOARAY[LVL Ilﬁ(X-VRlY[LVL,KJ)
ELSE WKOLDCI,X):=VRAY{L,X);
3: BEGIN

UHOLD(I.X]:-VRAY[!,K)~VRAYILVL.K]lARAY(LVL.11;

FOR L:=i TO NCROSS DO
IFCINDICO)L)

TBEN UHOLD[I.KJ:-UHOLD(!.K)#(l-!)'VRAYILVLQL,K];ARAYILVLOL,l)ISUH'

ARAYILVL, 2]
llg! UHOLD!!,Kl:nUHOLD!l.K)o!;VﬂAYlLVL+L,X]'ARAYILVL,!]
END
END (* END CASES AND K %)
" END;

VWRITELN(OUTPUT)
END;




T FT T w

(s BECNENT PROCEDURE SENSITIVITY #)
PROCEDURE HEADERS(I:INTEGER);

(® CRCSERMARERENRARSROSNERNENERRARRANRERZ AR ANCNRANARRRANENARRARENER

PROCEDURE HEADERS .
USE: PROVIDES HEADINGS TO THE SENSITIVITY ANALYSIS WHEN L]
TABULARIZED RESULTS ARE REQUESTED THESE HEADINGS .

STATE THE TYPE OF BENSITIVITY (INCLUDING ALTERNATIVE 1t

I? VALUE SENSITIVITY 1S BEINGC DONE) AND THE NODE *
REFERENCE NUMBER (NRN). ) s
CALLED BY: SEGMENT PROCEDURE SENSITIVITY (TABDISPLAY, b
GRAPH) )

ROUTINES CALLED: DASSA (INTTOSTRING) .
]

.

]

]

.

)

VARIABLES:
USED: LVL,ISTR,IRAY , NODELABEL (see UNIT DASSA)
SENS,INDI (see SECMENT PROCEDURE SENSITIVITY)
MODIFIED: ANSWER (see UNIT DASSA)
I (see SEGMENT PROCEDURE SENSITIVITY)

‘IR RRRARRARNARRRRRARA SRR RRAACARARRRNERRAAREAREARARRANKEEAARER &

o3 BEICIN
~ ANSVER:='*;
CASE 1 OF

1: BECIN

IF(SENSs'VALUE') THEN ANSWER:sCONCAT(' (' ,SYSNAME,*')*');
. ANSVER: =CONCAT(SENS ,ANSWER,* SENSITIVITY ANALYSIS');
»Q ‘;. IND;

: 3: BEGIN
Pt ANSVER: =CONCAT('FOR ' ,NODELABELLLVL+INDX),* NRN: *);
FOR I:#1 TO LVL DO
‘ BECIN
: INTTOSTRINC(IRAYLI,11);
ANBVER: sCONCAT(ANSWER, ISTR,* *)
END;

IFCINDX¢>0)

THEN
- BEGIN
oL INTTOSTRING( IRAYILVL4INDX,11);
- ANSVER : s CONCAT (ANSWER, ISTR, ' *)

. IND;
. ‘ END

IND (* END CASE *) :
P END; (* END PROCEDURE HEADERS %)
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(8 SECMENT PROCEDURE SENSITIVITY ®°

PROCEDURE TABDISPLAY;

-
-
.
-
)

(F SRR RN RE s RSt SRR AR RN N RN R AR AR AR SR ANERAAE AR ERRRARARRKAREEN
: .
PROCEDURE TABDISPLAY 4
USE: SOLICITS WHETHER THE SENSITIVITY ANALYSIS 1S TO BE .
OUTPUTTED ON THE CONSOLE OR THE LINE PRINTER. THE L]
PROCEDURE THEN PRINTS UP APPROPRIATE HEADERS AND LISTS ®
NUMERICALLY THE RESULTS OF THE SENSITIVITY WITH THE .
SENSITIVITY VALVUES DOWN THE ROWS AND THE OVERALL VALUES s
FOR EACH ALTERNATIVE (SYSTEM) ACROSS THE COLUMNS. L
AN ASTERISX (%) 1S PRINTED BY THE ALTERNATIVE WHICH HAS )
THE LOWEST VALUE IF THE ATTRIBUTE CHARACTERISTIC UNDER .
OPTION ATT BTARTS WITH AN R. AN ASTERISK (*) I8 PRI'TED ]
BY THE ALTERNATIVE WHICH HAS THE HIGHEST VALUE IF THE L4
ATTRIBUTE CHARACTERISTIC UNDER OPTION ATT STARTS WITH ®
ANYTHING BUT AN R. t
CALLED BRY: SECMENT PROCEDURE SENSITIVITY L)
ROUTINES CALLED: SECMENT PROCEDURE SENSITIVITY (ANYKEY) L]
VARIABLES: b
USED: LATT,NBYB,SYSTEMS:SYSTEMNAME (see UNIT DASSA) .
S8ENS,WHOLD (see SECMENT PROCEDURE SENSITIVITY) L]
MODIFIED: ANSWER,CH (see UNIT DASSA) L4
XK.l (see SEGMENT PROCEDURE SENSITIVITY) t
F,A,V,8TAR (see PROCEDURE TABDISPLAY) .

]

)

SRR ESERRFARRACRNEERARARRACARNANARNEAARAAREANARRAARCIRASARANANRAARNCRRNER ¢
VAR ,
F:FILE OF CHAR;
: A:S8TRING;
L V:REAL;
STAR: INTECER;

i BECIN
; REPEAT
; BEGIN
, PACE (OUTPUT) ;
P VRITE(OUTPUT, *'TABULAR: C(ONSOLE P(RINTER');
REPEAT
UNTIL KEYPRESS;
READ(INPUT,CH)
END )
UNTIL((CHa'C')OR(CHa'P*));

IF(CHe'P’)

THEN REWRITE(F, ‘PRINTER:")
ELSE REWRITE(F, 'CONSOLE:"');
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- (s SECMENT PROCEDURE SENSITIVITY #)
) A:eCOPY(LATT.1,1);

) PAGE(F);
e KEADERS(1); WRITELN(F,ANSVER);
- HEADERE(2); WRITELN(F,ANSWER);

o ANSVER:=CONCAT(SENS,': *);

5 FOR 1:=1 TO NSYS DO

BECIN

SEEK(SYSTEMS,I-1);
- GET(SYSTEMS);
g VITH SYSTEMSA DO ANSWER:s=CONCAT(ANSWER,COPY(SYSTEMNAME,1,6),' *);
o ) END;
-l ) VRITELN(F,ANSVER) ;
P VRITELN(F);

TOR 1:s0 TO 10 DO
. BECIN
SO ’ . IF(A=-R*) THEN V:e1000
o - ELSE VW:=0;
- . STAR:=0;
POR K:=1 TO NSYS DO
TECC(WROLDCI ,KI)WIANDCAC) 'R )IOR
, ((WHOLDLI ,KI(WIAND(A='R*))) :
- ‘ THEN BEGIN STAR:«K; VW:sWHOLDi1,K) END;

s VRITE(F,WHOLDLI,01:4:2,' *);
: : FOR K:=1 TO NSYS DO
) IF(K=STAR) 4
' THEN WRITE(F,WHOLDCI, K1:6:1,'%")
ELSE WRITE(F,WHOLDUI,KJ:6:1,' *);
VRITELN(F);
END;

IF(CHs'C") . ]
THEN A .

BECIN
VRITELN(F) ;
ANYKEY

END;
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_ (¢ SEGMENT PROCEDURE BENSITIVITY ®»
PROCEDURE CRAPH;

(F SEAREARRARNARARRENS NP NP XA NN AAN AR NARARRASRRENREARNNRANY

FROCEDURE CGRAPH

USE: DISPLAYS THE SENSITIVITY ANALYS1IS IN CRAPRICS MODE
ON THE MONITOR. DRAWS THE SENSITIVITY ANALYSIS
IN A CRAPHICAL FORMAT EACH ALTERNATIVE (SYSTEM)
HAVING A BISTINCTIVE COLOR:

ALTERNATIVE 1§
ALTERNATIVE 2
ALTERNATIVE 3
ALTERNATIVE ¢
ALTERNATIVE S

ORANGE
VIOLET
BLUE
CREEN
WHITEY

PROCEDURE USES ONE SUBORDINATE PROCEDURE
CCRAPHREADER) WHICH LABELS THE X-AXIS OF THE CRAPH
CALLED BY: SEGMENT PROCEDURE SEMSITIVITY
ROUTINES CALLED: UNIT DASSA (NUNTOSTRING)
SECMENT PROCEDURE SENSITIVITY
CCRAPHHEADER)
VARIABLES:
USED: NSYS,SYSTEM:SYSTEMNAME (see UNIT DASSA)
MODIFIED: CH (see UNIT DASSA)
I.J (see SECMENT PROCEDURE SENSITIVITY)
COLOR,X.11,J1 (see PROCEDURE GRAFH)

- B % B WM B BN W WS U NS NN YN SN

RN RERREN AR RANRERNAACRRUANERNAPARDENERARENRRASRIRNSANNNT &
Vaa

K,1{,J1: INTEGER;
COLOR: ARRAY (1..3] OF SCREENCOLOR;
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(v SEGMENT PROCEDURE SENSITIVITY *)
PROCEDURE GRAPHHEADER;

(4] IRBSERSRANSARE AR AN NARARERRRAREARRRERRERARNRORAANARNATENRRAND

.
PROCEDURE GRAPHHEADER .
USE: SUBORDINATE PROCEDURE TO PROCEDURE CRAPH. THIS L
PROCEDURE PRINTS THE VALUES OF THE LINES OF THE s

GRAPH WHICH 18 OUTPUTTED IN THE GRAPHICS MODE. s
PROCEDURE WRITES OUT THE VALUES OF THE X-AXIS. )
CALLED BY: SEGMENT PROCEDURE SENSITIVITY (GRAPM) L
ROUTINES CALLED: UNIT DASSA (NUMTOSTRING) .
VARIABLES: L]
USED: CH,NSYS (ses UNIT DASSA) .
WHOLD (see SEGMENT PROCEDURE SENSITIVITY) L)

MODIPIED: ANSWER (see UNIT D.SSA) s
MIN.MAX,I,X,DELTA.X (see SECMENT PROCEDURE ¢

SENBITIVITY) B

.

)

SRR R RN AR RN R A RER AR A NS AR RARE IR ERARRAERARANRARRARRRARERN &
BEIGIN
MIN:=100; MAX:=0;
JF(CH='E")
THEN
BEGIN
FOR 1:«0 TO 10 DO
FOR X:#1 TO NSYS DO
BEGIN
IF(MINOWHOLDCI X)) THEN MIN:=sWVHOLD(1,K]);
IPC(MAX(WHOLDII,X]) THEN MAX:=sWHOLDII, X]
END
END

ELSE

BEGIN

MIN:=0; MAX:=100,;

END;
MIN:«TRUNC(MIN/20)020; MAX:=TRUNC((MAX+19)/20)%20;
ANSVER:=*'‘; DELTA:s(MAX-MIN}/S;

FOR 1:«0 TO 5 DO

BECIN .

I:sl; L:sMIN+XMDELTA; :

NUMTOSTRING(X) ; ANSWER: s CONCAT (ANSWER, * * ,COPY(ISTR,1,3))
END;

PENCOLOR(NONE) ; MOVETO(28,108); WSTRING(ANSVER) ;
END; (®* END GRAPHHEADER *)
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(* BECMENT PROCEDUREL SENSITIVITY #°

BEGIN PROCEDURE GRAFH ]
]

SEESSRACRAAERSNARNNCRRASRARNRERNENNRPANERAANRAUNARRERREY R)

3ECIN

COLORC13:=0ORANGE; COLOR{2):eVIOLET;
COLORL33:eBLVE; COLOR[4]:«CREEN;
COLORESI : «WHITEL;

REPEAT
BECIN
PACE(OUTPYT); .
VRITE(OUTPUT, 'CRAPHIC: N(ORMAL E(IPANDED °*);
REPEATY ’

UNTIL KEYPRESS;
READLINPUT,CH)
END
UNTIL{C(CH«"N')OR(CH='E"));

INITTURTLE;

t{* PRINT THE COLOR BARS DEPICTING ALTERNATIVES *®
® IN UPPER LEFT HAND CORNER ’ =)
FOR I:=1 TO NSYS DO
BEGIN

SEEK(SYSTEMS,I-1); GET(SYSTEMS);

CASE § OF

BECIN VIEVPORT(0,76,176,191); FILLSCREENC(ORANGE);
MOVETO (2,179); WITH SYSTFMSA DO WSTRING(SYSTEMNAME)
BECIN VUEWPORT(0,76,161,173); FILLSCREEN(VIOLET);
MOVETO (2,164); WITH SYSTEMSA DO WSTRING(SYSTEMNAME)
BEGIN VIEVPORT(77,153,174,191); FILLSCREEN(BLUE);
MOVETO (78,177); WITH SYSTEMSA DO WSTRINC(SYSTEMNAME)
BECIN VIEWPORT(?77,133,161,178); FILLSCREEN(GREEN);
HOVETO (78,144); WITH SYSTEMSA DO WSTRING(SYSTEMNAME)
CeSIN VIEVPORT(154,231,176,171); FILLSCREENIWHITEL);

END;
END;
SﬂD;

EXD;

FOVETO (160,179); WITH SYSTEMSA DO WSTRING(SYSTEMNAME) END

END (® END CASES *)

END;

VIEVPORT(0,279,%,191);

(4]

DRAW THE GRAPH )
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(s BECMENT PROCEDURE SENSITIVITY *}

J:wé; 1:a70;

MOVETO(I ,.J);

FOR K:=1 TO 3 DO
BECIN
PENCOLOR(VHITE) ;
HOVETO(1,J¢100);
HOVETO(I+440,J¢100);
MOVETO(1+40,J);
IRIX()>3) THEN MOVETO(1+80,J);
I:=1480

END;

1:a70;
FOR X:=1 TO 3 DO -
BECIN
HOVITO(L ,3);
MOVETO(1,J+20);
MOVETO(1+4200,J+20);
JF(XC)>3) THEN MOVETO(I+200,J+40);
J:aledo
END;

(s NUMBER THE IX-AXlS *)

GRAPHHEADER;
(* LABEL THE CRAPH AX1S )

MOVETO(149,120); WSTRING('VALUE');

J:m?8,
FOR 1:#0 TO 4 DO
BEIGCIN
MOVETO(12,J-1#%11);
WSTRING(COPY(SENS,I+1,1))
ERD;

(¢ WRITE THE NUMERIC VALUES ON THE Y AXIS ")

1:=0;

REPEAT

BEGIN
KUMTOSTRING(VHOLD(1,0));
MOVETO(23,101-1710);
VETRING(ISTR) ;

[:mlel
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e ' (¢ SEGCMENT PROCSLURE SENSITIVITY #*

END
UNTILCI)10);

(s WRITE OUT SENSITIVITY HEADINGS )

HEADERS(1); MOVETO(0,141); WSTRING(ANSWER);
HEADERS(2); MOVETD(0,130); WSTRING(ANSWER);

(* DRAV THE LINES ON THE GRAPH &)

FOR I:=1 70 NSYS DO
BEGIN
Jl:e104;
X:=200/(MAX-MIN);
FOR J:«8 TO 10 DO
BEGIN ’
11 :=aTRUNC((WHOLDLJI,3)-MIN)2X)+70;
IF (J=0) )
THEN PENCOLOR(NONE) T
ELSE PENCOLOR(COLORCI1); ’ . ]
MOVETO(IS,34i3;
Ji:aJ1-10.
END
END;

" REPEAT : . : ) |
UNTIL KEYPRESS; i ' . ' |
READ(¢ INPUT . CK) ; ‘ !
TEXThODE ’
END; (* END GRAPH ™)

140 N

S e :LA h': - .'_)-'.. e e am et ama e

- T o T R I A IR I LA A SR W S



i L Eegeew TR TR T BT T T T T T T e e e T T e T T e T e T e R D
F.ﬁ._‘.._‘-r--_..a-—r. R i S Pttt A A Rt - .

¢

hd i

(* SEGMENT PROCECURE SENSITIVITY s° .

(7 SRERSRNRRERRR I RERRRRANRRRRRSSRARARRAARRANRANNRRNNE .
t ]
* BEGIN SECMENT PROCEDURE SENSITIVITY *
s ]
CRRERRALENARRARRARRRRALRANARRANARRACRARERNER VRARNNY 0)

BEGIN
IF(FLAGs1) THEN WARNING;

REPEAT
BECIN
PACE(OUTPUT); '
VRITE (OUTPUT, *SENSITIVITY: CIUMWT RIELWT VIALUE EDXIT *);
REPEAT
UNTIL KEYPRESS;
READ(INPUT,CH) \
IND ' » 1
UNTIL((Crin*C*)OR(CH='R')IOR(CHa'V' JOR(CH="E"));

IFCCROY'E")
THEN
BEGIN
IFC(CHs'C') THEN SENS:=‘'CUMVT®
ELSE IF(CHa'R’) THEN SENS:s'RELWT' el
ELSE SENS:a='VALVE';

DETERMINENODE; \
CALCARRAY; )

REPEAT
BECIN
PAGECOUTPUT); ,
VRITE(OUTPU™,SENS,': T)ABULAR GIRAPHICAL E)XIT ');
REPEAT
UNTIL KEYPRESS;
READCINPUT,CH1) ;
18 (CH1='T*')THEN TABDISPLAY

K ' ELSE IF(CH1='G') THEN GRAPH;
END

: ) UNTIL(CH1e'E*)

3 END

LA AN
[
atata

L
.

b END; (* END SECMENT SENSITIVITY )
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(¢ SECMENT PROCEDUVRE READSYSTEMLABELS ®;

t{ SEGMENT PROCEDURE READSYSTEMLABELS;
;-._‘ (s llllllllllllllllltllll'ltltlitlttllttlllttlllltnlllttlllltlll
[ " *
®  SEGCMENT PROCEDURE SYSTEMLABELS s .
* USE: THIS SEGMENT CONTROLS THE NUMBER AND LABELS OF THE L)
L] ALTERNATIVES USED IN THE DASS PROGRAM. FUNCTIONS .
. ARE ACCOMPLISHED BY THIS SEUMENT IS THE ADDITION, * K
. DELETION, AND CREATION OF ALTERNATIVES. THERE ARE ®
s THREE SUBORDINATE PROCEDURES WHICH SUPPORT THIS L
t SEGMENT. L
& CALLED BY: PROGRAM DASS ]
8  ROUTINES CALLED: UNIT DASSA (NODEDISKTOARRAY) t
® ) SEGMENT PROCEDURE SYSTEMLABELS (NEV, *
. DELSYS,ADDSYS) Ld .
®  VARIABLES: )
t USED: NODE (see UNIT DASSA) L
* MODIFIED: CH,LVL (see UNIT DASSA) b
] ]
AR AR AR RN AR R R AN AR R AR AR RAR ARSI SRR R AR RN NANARNARRARRARRS ®)
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(* SECMENT FROCEDURE READSYSTEMLABELS ®,
PROCEDURE NEVW;

(% R AR EERARERER SRR AR R AN RARRRARARNRFREERERARANRRREERAARAANARNRRN

) .
. PROCEDURE NEVW . L] .
* USE: THI!S PROCEDURE SOLICITS NAMES FOR ALTERNATIVES s
L (SYSTEMS). - THIS ROUTINE I& NORMALLY SELECTED WHEN L
L} A NEV TREE IS CONSTRUCTED AND A LIST OF ALTERNATIVES ¢
. I8 DESIRED TO BE ENTERED. s
] TH1S PROCEDURE CAN BE USED ANYTIME DURING THE 2
L] THE COURSE OF TNE PROGRAM. DATA IN THE TREE VILL L

. ] NOT BE LOST IF THE NUMBER OF LABELS ENTERED ARE THE ¢
L SAME OF THE NUMBER OF LABELS OF THE ALTERNATIVES 8
L] (SYSTEMS) IN THE ORIGINAL STRUCTURE. IF FEVER .
L) LABELS ARE USED, ONLY THE DATA FOR THE LABELS ENTERED®
® VILL BE ACCESSIBLE. *
% CALLED BY: SEGMENT PROCEDURE READSYSTEMLABELS L
? ROUTINES CALLED: <(none) L
%  VARIABLES: - : R
L USED: LABELSTRING (see UNIT DASSA) L]
L MODIFIED: NSYS,SYSTEMS:SYSTEMNAME (see UNIT DASSA) ®-
L SYSLABEL (sea PROCEDURE NEW) L
. s
ERRRERRRERRR NS ARRNRRERRERNRNARRRENSREERRANARSRARRANNRARRERER &)
VAR

SYSLABEL : STRING;

REGIN

¢ i PACE(OUTPUT);

' y NSYS:s1;

REFEAT

WRITE(OUTPUT, 'ENTER. . .SYSTEM * ,NSYS,' LABEL? *);
READIN¢ INPUT, SYSLABEL) ;
IF((SYSLABEL() *DONE')AND(SYSLABEL()''))

THEN

BEGIN .
SYSLABEL :=sCOPY(CONCAT(S5YSLABEL,LABELSTRING),1,10);
SEEK(SYSTEMS ,NSY5-1);
VITH SYSTEMSA DO SYSTEMNAME:=SYSLABEL;
PUT(SYSTENS) ;

° NSYS:sNSYS+t;

IF(NSYS)S) THEN SYSLABEL:»'’;

: END
i
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 UNTIL(((SYSLABELw‘'DONE*)OR(SYSLABELs''))AND(NSYS>1));

ELS8E
IF (N8YSas1)

THREN WRITELN(OUTPUT, *SORRY...YOU MUST ENTER AT LEAST ONE S8YSTEM®);

N8YS:=NSYS-1;
VRITELN(OUTPUT, ‘NUM OF SYS ' ,NSY¥S)

(% END NEW )

(¢ SECMENT PROCEDURE READSYSTEMLABELS o)
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t* BECHENT PROCEDURE READSYSTEMLABELS &)
PROCEDURE DELSYS;

(% SENRRRIRSRRENSRRRRRANRERARRENARARERANNANRRONNACRNARAEARARAAN

]
PROCEDURE DELSYS L]
USE: DELETES USER BPECIFIED AVTERNATIVE (SYSTEM) AND ]
REMOVES THE LABEL AND ALL INFORMATION RECARDING THE «
ALTERNATIVE (SBYSTEM) FROM THE TREE STRUCTURE. *
CALLED BY: SECMENT PROCEDURE READSYSTEMLAEBELS .
ROUTINES CALLED: (none) .
VARIABLES: .
USED: TENSTRING ,MAXLABELSIZE,MAXSYSTEMS,NNODZS s

(see UNIT DASSEA) 2

MODIF!"D: NODE:SYSTEMVALUE,SYSTEM:SYSTEMNAME, *

’ ) H8YS,1 ,ANSWER,ISTR,L (see UNIT DASSA) .

S$Y&,J (seea PROCEDURE DELSYS) s

| ]

)

ASRNLARERARALRRNSINARNARNEARRARNNRRNAANRSARANALAARARCARRRARREERAL &

VAR
SYS:ARRAY C[1..MAXSYSTEMS] OF STRINC;
J: INTEGER;
BEGIN
PAGE(OUTPUT) ;
VRITELN(OUTPUT, 'CURRENT SYSTEMS. . .');
SEEK(SYSTEMS ,0);
YOR [:=1 TO NSYS DO
BECIN
CET(SYSTEMS);
VITH SYSTEMSA DO
BECIN
SYST11:«SYSTEMNANE;
WRITELN(OUTPUT, SYSTEMNAME)
END
EIND;
. VRITELN(OUTPUT, 'ENTER SYSTEM TO BE DELETED *);
{ READLN( INPUT, ANSWER) ; :
; ANSVER:=COPY (CONCAT(ANSWER, TENSTRING), 1 ,MAXLABELSIZE);
4 ISTR: ="’
FOR I:ai TO NSYS DO
IF(8YST11eANSWER)
THEK BEGIN
ISTR: «ANSVER;
L:sl
END;
IFCISTRa*")
THEN WRITELN(OUTPUT,'SYSTEK NOT FOUND')

B P

P
ELSE
v
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(& SECMENT PROCEDURE READSYSTEMLABELS *,

BEGIN
TOR I:slL TO (MAISYSTEMS-1) DO
BEGIN
_ SEEK(SYSTEMS,1); _
| - CET(BYSTEMS); .
. SEEK(SYSTEMS,1-1);
- PUT(SYBTLMS) ;
VITH SYSTEMSA DO SYSTEMNAME:e'NONE';
PUT(SYSTENB);
END;

FOR [:=1 TO NNODES DO
- . PECIN '
. SEEX(NODE,I); GET(NODE); . : . ‘ : . i
VITH NODEA DO
POR J:sL TO (MAISYSTEMS-1) DO
- BEGIN ‘
SYSTEMVALUELJ) :«SYSTEMVALUELJ+1);
SYSTEMVALUE[J¢1):=0
END;
SEEK(NODE,1); PUT(NODE)
END;
NSYS: aNSYS~-1 ' A
END ) : : I
END; .

P

144




W W T T e t. T
———T

Lo i Ak

(* SEGMENT PROCEDURE READSYSTEMLABELS *)
PROCEDURE ADDSYS;

(F AERARRECARARAARRRNANRRERNERARANRRANRIRRASNNCENERAERAKAERARNARS

] | ]
¢ PROCEDURE ADDSYS . .
* USE: ADDS AN ALTERNATIVE (SYSTEM) LABEL TO THE TREE .
. STRUCTURE. CHECKS TO MAKE SURE THAT NO MORE THAN ¢
. . THE MAXIMUM NUMBER OF SYSTEMS CAN BE ADDED TO THE ¢
. . STRUCTURE AND PROVIDES A MESSAGE TO INSERT VALUES #
. _POR THE NEV ALTERANATIVE (SYSTEM). .
I_ - * CALLED BY: SEGMENT PROCEDURE READSYSTEMLALELS *
g ®* ROUTINES CALLED: (none) . .»
K *  VARIABLES: .
3 . USED: MAXBYSTEMS,TENSTRING,MAILABELSI1ZE (see UNIT ¢
- . DASSA) : .
: . MODIFIED: NSYS,FLAG,ANSVER,SYSTEMS:SYSTEMNAME (see *
. UNIT DASSA) '
L *
L AERRA AN RER AR RERAARARRRNSRAANANSRRAALASACNANRARARNRSARANLERE )
BEGIN
VRITELN(OUTPUT,' *);
IF(NSYS=MATSYSTENS)
THEN WRITELN(OUTPUT, ‘MAY NUMBER OF SYSTEMS EXCEEDED')
ELSE ~
BEGIN
NBYS: =NSYS+1;
BEEK(SYSTEMS ,NSYS-1);
PAGECOUTPUT) ;
i VRITELN(OUTPUT, 'ADDING SYSTEM');
v WRITE(OUTPUT, "LABEL? ');
VITH SYSTEMSA DO
i BEGIN
; READLN(INPUT, ANSWER) ;
X SYSTEMNAME : =COPY ( CONCAT(¢ANSWER, TENSTRING) , 1 ,MAXLABELSIZE)
! IND;
: PUT(SYSTEMS);
‘ VRITELN(OUTBUT, 'USE WVC FOR ENTERING VALUES AND');
; WRITELN(OUTPUT, ‘RECALCULATING TREE');
! FLAG: »1;
END
R END;
147
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(v SECMENT PROCEDVRE READSYSTEMLABELS **

(8 RSRRSARRARARE RN RARRRARRRORRRRNARSARRAAERRARRRRRARNERD

] L
) SEGIN SECMENT PROCEDURE READSYSTEMLABELS *
s ]
RERRASAARRANARNEERRRAANRRCARCACLRERARERXCRESATAARIAL X)) ”
BEGIN
REPEAT
SEGIN
PAGE(OUTPUT) ;
VRITE(OUTPUT, 'A(DD DCELETE N(EW E(XIT');
REPEAT
UNTIL KEYPRESS;
READ(CH) ;

IF(CHa'N’) THEN NEV

ELSE IF(CH='D‘') THEN DELSYS
ELSE IF(CHs'A') THEN ADDSYS;
LVL:=%;

SEEK(NODE.1);

GET(NODE);
NODEDISXTOARRAY(LVL)
END

UNTIL(CH='E');
VRITELN(OUYTPUT,® *)

END;
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(s SEGHENT PROCEDURE MODPRU s)

~ SECMENT PROCEDURE MODPRU;
"-. (s I2RURNER R R AR SR AN RN ARSI RNRRARRRERCRRRENERRRRRARSRRR2RORANDERSENT
- 2 |
s SEGHENT PROCEDURE MODPRU .
® UYSE: THIB SECMEINT SUPPORTS OPTIONS MOD AND PRU (MODIFY THE TREE *
* STRUCTURE AND PRUNE THE TREE STRUCTURE, RESPECTIVELY). .
. PROCEDURE MODIFY HAS NO SUBORDINATE PROCEDURES, VHEREAS *
L) PROCEDURE PRUNE HAS FOUR. L
8 CALLED BY: PROGRAM DASS - L)
8 ROUTINES CALLED: SECMENT PROCEDURE MODPRU (PRUNE,MODIFY) .
8 VARIABLES: : *
L USED: CHD (see UNIT DASSA) .
L KODIFIED: <(none) .
] . . |
'lt.l!lllltll..illlll"llllt..tilt!!ttllll'tlllll'l!'ttlll!l.llll. ")
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; : (* SECHENT PROCEDURE MODPRU #) \

' PROCEDURE PRUNE; Y § l!

I _ (4. IREEANSRASERAARE AR RN RN ARERRAASR SRR R ERARRR e ISaORRRASRRERRANRARNY \

] L] \

. ¢ PROCEDURE PRUNE ., i
. * USE: USED TO PERMANENTLY RENOVES NODES AND BRANCHES FROM THE ¢
- . TREL STRUCTURE. ACCOMPLISHES TKIS TASK BY LOADING ALL
. . NODE LINKING INFORMATION INTO AN ARRAY (PRAY), IDENTIFIES ¢
% . NODE(S) TO BE ELIMINATED, RELINKS THE REMAINING STRUCTURE,®
. REMOVES THE PRUNED NODES, COMPRESSES THE TREE STRUCTURE ¢
N . SUCH THAT THE NODES PRUNED CAN NOV BE AVAILABLE FOR RE-
- . ASSICNMENTS, AND REVRITES THE TREE STRUCTURE ON THE DATA ¢
", ' rILE. .
- * CALLED BY: SEGMENT PROCEDURE MODPRU .
Ny ¢ ROUTINES CALLED: YNIT DASSA (PRENEX,NEXT,PRETOT,NODEDISKTOARRAY)®
e * SECMENT PROCEDURE MODPRU (WDOT,RELINK,COMPRESS,t
i . REWRITE) *
. *  VARIABLES: .
o . USED: CH,NNODES, 1CONT,NODE: [CELLNUMBER ,NRNDIGIT,DOWNLINK, *
b . CROSSLINK,BACKLINK] ,MAXARRAYSIZE .
. . MAINUMBEROFNODES (see UNIT DASSA) .
. MODIFIED: CH,IRAY,1,LVL NDEEP,FLAG (see UNIT DASSA) .
. PRAY, PRNUM ,NEVNNODES ,NEWLVL (see PROCEDURE PRUNE)®

]

]
IARCRAARARKAREXRARNRRAERARRRNERANNANRRARNCCCARRANARRENNAARARARNAREES &)

VAR

PRAY:ARRAY (1. .¢,0. MAINUMBEROFNODES] OF INTEGER;
NEVLVL ,NEWNNODES ,X,FLAG1,J,PRNUN: INTEGER; '

e~ -
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¢(* SECMENT PROCIDURE MODPRY #)

PROCEDURE WDOT;

(8 ERRERRRRRERAEARSRARARARERNRRARANCACRNESRARECARACNARCORRACEASRNERNSRS

s
PROCEDURE WDOT .
USE: THIS PROCEDURE DRAVS A DOT AFTER VARIOUS FUNCTIONS OF L]
PRUNING TO LET THE USER XNOW THAT SOMETHING 18 s
RAPPENING. .
CALLED BY: SECMENT PROCEDURE MODPRU (PRUNE) s
ROUTINES CALLED: (none) »
VARIABLES: .
USED: (none) *
MODIFIED: (none) L]

.

)

SEREARERCAARRN AR LERNACERNARARERNARRRRELSEERAECRCRAAARNARENRRERERSY &

BEGIN .
VRITE(OUTPUT,'.*)
END;
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(* SECMENT PROCEDURE MODPRU )
PROCEDURE RELINK;

(2 FRARRRARRENASANENPRAACANRARLRNEANCRRARNANRENARAARAOCORPESONRNRSEN

s
PROCEDURE RELINK ]
USE: TRIS PROCEDURE 18 USET TO RSL!NK THE TREE STRUCTURE .
AFTER DELETING THE BRANCH OF THE TREE DESIGNATED BY THE ¢
]
[
]

USER. THE ONLY LINXS THAT ARE RELINKED ARE THE
COVNLINKS, CROSSLINKS, AND THE BACKLINKS. THE NAN
DIGITS ARE RE-DESICNATED IN THE MAIN BODY OF THE PRUNE
PROGRAN. ' s
CASES ADDRESSED: ]

1) PRUNING THE DESCENDENTS ONLY OPTION IS *

- REQUESTED. THE DOWN LINK(8) OF THE NODZ .
INPUTTED ARE REMOVED. .

3) OPTION N I8 EXECUTED. THE NODE INPUTTED IS 1uz *
: LAST NODE ON THE SPAN. s
2) OPTION N 1S EXECUTED. THE NODE INPUTTE) I8 THE ¢
TIRST NODE ON THE SPAN. r

4) OPTION N 18 EIECUTED. THE NODE INPUTTED I$ IN *
THE MIDDLE OF THE SPAN. ]

CALLED BY: SEGMENT PROGEDURE MODPRU (PRUNE) .

ROUTINES CALLED: (none) t

VARTABLES: ]

USED: CH (see UNIT DASSA) .
PRN'M (ses FROCEDURE PRUNE) s
MODIFIED: PRAY (see PROCEDURE PRUNE) s
. ]

)

F RN EEE R EEE RN AN AR BRI NN

IR NRR AR RN N R RN R R AN RN AR AANARASE N NRRARNRACRRARNERRAKGOEANNTY @&
BEGIN -
IF(CH='D")
THEN PRAYLS,PRNUM):=0

P

. ELSE
IF C((PRAZLS,PRNUM]=0)AND(PRAY[3,PRNUM1I)1))
" THEN
PRAY(S,PRAYCS, PRNUM]Y - =0
EL8E -
IF(PRAY([3,PRNUM]Ia1)
THEN
BEGIN
PRAYC4,PRAY(4,PRNUM) Y : «PRAYLS, PRNUK];
. PRAYLS,PRAILS,PRNUMID : aPRAYIL 4, PRNUMY
END

ILst

BEGIN
PRAYL 4. PRAY(S.PRNUNI): o PRAY( 4, ERNUR);

132




(® SEGMENT PROCEDURE MODPRU ¢)

PllYtS.llAY(t.PRNUH]J:-PlA!lS.PRNUH)
END;

END; (* END RELINK ®)
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PROCEDURE COMPRESS;

(¢ SEGMENT PROCEDURE MODPRU =)

(f SOREARASRRRRERAERPRRNRERAERRARRERNSREERREEEROANRRRENAERERERRANNR

PROCEDURE COMPRESS

USE: TH1S PROCEDURE REASSIGNS NODE NUMBERS TO THOSE NODES
VHICH REMAIN IN THE TREE AFTER THE INPUTTED NODE AND
REASSIGNMENT RESULTS IN THE
PRUNED NODES BEINC FREED TO TAXE ON NEW NODE
DEFINITIONS. THIS COMPRESSION IS USED TO MAXE THE
MOST USE OF THE LIMITED MUMBER OF NODES (CURRENTLY 100)

DESCENDENTS ARE ZEROED.

AVAILABLE IN THE PROGRAM.

CALLED BY: SEGCHENT PRCCEDURE MODPRU (PRUNE)

ROUTINES CALLED: (mone’
VARIABLES:

USED: MNODES (see UNIT DASSA)
MODIFIED: I (see UNIT DASSA)

PRAY . J,.K,FLAGI ,NEWNKODES (see PROCEDURE PRUNE)®

NERREARASRARARERARNREREARRRRAERARARNACRENRARNANEACSANRANRNRANARNNRRE &)

BECIK

FOR 1:e1 TO NNODES DO
BEGIN
IFCPRAY(2,11s0)
THEN
BEGIN
J:ulel;
FLAG1:=0;

WNILEC(J(«NNODES)AND(FLAG!=0)) DQ

IF(PRAY(1,J)=0)
THEN J:eJel
ELSE
FOR K:s2 TO 4 DO
"BEGIN

PRAYCLK, 1) :«PRAY(K,J); ;

PRAY(K,J):=0;
FLACY :wi
END
END
END;

¢t RELABEL THE LINKS ®)

1:e0;
FLAGS =0 ;
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REPEAT

21ECIN

l:mleg;

TFCPRAYLZ,1)0) THEN FLACL:=i
END

UNTIL(FLACIetl);
NEVNNODES :w!-1;
FOR 1:=1 TO NEWNNODES DO

FOR J:=»1 TO NEWVNNODES DO
TOR X:=4 TO ¢ DO

IF CPRAYIX,J1aPRAYI2,1))
THEN PRAYIK,J):ePRAYL1,1);

END;
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(* SECMENT PRCCEDURE MODPRU ¢)

PROCEDURE RIVRITE;

PROCEDURE REVRITE

USE: REVRITES THE PRUNED TREE DATA BACK TO THE DISK FILE.
CONSERVES INFORMATION THAT WAS PRESENT VITH THE NODI
PRIOR TO PRUNINC. RATIONALES ARE ALSO CONSERVED.
ALL NODES NOT IN THE NEV TREE STRUCTURE ARE ZIEROED AS

~ IN A NEV FILE.

CALLED 8Y: SECMENT PROCEDURE MODPRU (PRUNE)

ROUTINES CALLED: (none)

VARIABLES:

USED: NNODES, MAXSYSTEMS (see UNIT DASSA)

MODIFIED: I NODEtCELLNUMBER,NRNDICIT,DOWNLINK,
CROSSLINX,BACKLINK,NODETITLE,RELVEIGHT,
CUMVEIGHT , SYSTEMVALUES ,RATIONALE]

(see UNIT DASSA)
NEVNNODES,J (ses PROCEDURE PRUNE)
IR ER AR A RS LI RN AR AN RERRRARRRAARSARREREANARRLARAENRELE ¢
BECIN ’
FOR 1:=1 TO NEWNNODES DO
BEGIN

SEEK(NODE ,PRAYL2,1));

CET(NODE) ;

VITH NODEA DO

BECIN

CELLNUMEER: =1; NRNDICIT:=PRAY(3,I]1;

DOWNLINK:=PRAY[¢,J3; CROSSLINK.=PRAY(S3,1];
END; :

SEEK(NODE, 1) ;

PUT(NODE?
END;

¥1TH NODEA DO
BICIN
NODETITLE:='BLANK ‘% .
CELLNUMBER:=0; NRNDIGIT:=0; DOWNLINK:=0;
CROSSLINK:a0; BACKLINK:e0; RELWEIGHT:w0.0:
CUMVEICHT:=0.0;
FOR J:e1 TO MAXSYSTEMS DO SYSTEMVALUESLJ):al;

RATIONALE : e ‘NO COMMENT'
END;

FOR J:sNEIWNNODES+) TO NNODES DO PUT(NODE);
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(® SEGNENT PROCEDURE MODPRU ®)

[ ] *
. BEGIN PROCEDURE PRUNE .
[ ] L

AREOSANPRANERARRNNRONEPRAARRQARRRERACRELARCRRRARNRINNS )

BEGIN

REPEAT
BECIN
FAGECOUTPUT) ;
WVRITE(OUTPUT, ‘N(ODE+DOWN D(OWN ONLY E(XIT ');
REPEAT
UNTIL KEYPRESS;
READ{INPUT,.CH)
END
UNTIL ((CHe'N*)OR(CHs'D')OR(CHa'E"));

IF(CHO 'E")
THEN
BICIN

FOR 1:=1 TO NNODES DO
BEGIN
SEEK(NODE.1);
GET(NODE) ;
ViTH NODEA DO
BECIN
PRAY(1,1):s1;
PRAY(2,1):=CELLNUMBER;
PRAYL 3,1):=NRNDICIT;
PRAY(4,1):=DOVNLINK;
PRAYLS,1):=CROSSLINK;
PRAY(6.11:=BACKLINK;
ZND
END;-

VRITELNCOUTPUT);
PRENEX;

IFCCIRAYILVL,220)AND(CHs D))

THEN
BEGIN
VRITELNC(OUTPUT, 'YCU CANNOT PRUNE A DATA NODE VITH');
VRITELN(OUTPUT, 'A DOWN ONLY OPTION. . . ');
VRITELN(OUTPUT, ' PRUNE TERMINATED . . .*);.
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§ (s SECMENT PROCLDURE MODPRU )

- VRITELN{OUTPUT, ' (ANY KEY) CONTINUE');
REPEAT
UNTIL KEYPRESS;
READCINPUT,.CH) ;
CH:a'E* .
END;

IF(CHO'E')

THEN
BECIN

VRITE(OUTPUT, * PRUNING. ') ;
PRNUM: «IRAYELVL,0);

RELINK;
WDOT:

IF(CHe'N') THEN PRAY(2,PRNUM):=0;

o NEXT:

o . ~ WDOT;
= VHILE (ICONT()>0) DO
i BECIN :
‘:I . PRAY(2,IRAYILVL,0)1:a0;

- ; NEXT
_ " END;
v o
n Co VDOT:;
- ‘; (* NRN ADJUSTMENT #)
— I
e - L IZ(CHa'N*) , o -
_ : i THEN
{ BEGIN v
S ? I:«PRAYLS, PRNUMI; .
S X WHILECI()>0) DO

L ' BECIN

PRAYCI,I1:wPRAY(D, 111

r@- 1:ePRAYES, 11

L END; :

END;

% VvDOT;

'y ' . cqmr.us,
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VDOT;

REVRITE;

VDOT,;
NNODES : «NEWNNODES

NEVLVL:s$;

PRETOT;

REPEAT
BECIN .
IFC(LVLINEVLVL)THEN NEVLVL:elVL;
NEXT
END

UNTIL(ICONT=0);

NDEEP: =NEWLVL;

VDOT;

FOR 1:»1 TO MAXARRAYSIZE DO IRAY[!

LVL:el;

SEEK(NODE,1);

CET(NODE);

NODEDISKTOARRAY(LVL);

PLAG: =}

END; (® END OF PRUNE )

—g— Rt B B A Ry - W e B R R TN T TR T Ahhel TR MW

(s SECHENT PAOCIDURE MODPRU s)

,01:=0;
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(s SECHENT PROCEDURE MODPRU =)
PROCEDURE MODITY;

(@ fasctnieaeneegettttageaectttcatetaetssattcsgedessnesnstsitnganse

]
PROCEDURE MODIFY .
USE: PROCEDURE SUPPORTS OPTION MOD. ELICITS NODE REFERENCE ¢
NUMBER FROM THE USER. IT THE NODE EXISTS, ONLY TNE .

LABEL OF THE NODE I8 CHANCED. IF THE NODL DOES NOT s
EXIST, A NEV BRANCH 1S CREATED TO THE NODE. 1IF NO .

SPANS EXIST TO THE INPUTTED NODE, A SINCLE NODE SPAN .

I8 CREATED AND HAS A NRN NUMBER OF ONE ON THE LEVEL L)
REGARDLESS OF WHAT WAS INPUTTED (THIS IS PRIMARILY L]

TO INSURE ACAINST PROCRAM FAILURE IN SUBSEQUENT .
PRUNING OPERATIONS). .
CALLED BY: SECMENT PROCEDURE MODPRU . ]
ROUTINES CALLED: UNIT DASSA (NODEARRAYTODISK,NODIN) .
VARIABLES: .
USED: NLVLS,TENSTRING,ICONT (see UNIT DASSA) .
MODIFIED: [IRAY,LVL NDEEP,L,IFADD,IFIND, NNGDES, .
ANSVER ,NODELABEL,ARAY,VRAY (sse UNIT DASSA) @

1QUIT (ses PROCEDURE MOCIFY) .

t

)

SRERACANSERREAREARNNARNRARRARRRRACRAARCALARNSNRNRAACRSARANRERNRE @

VAR
1QUIT: INTECER;

BRCIN
16VIT:20;
REPEAT
BEGIN
NODIN;
1F(NLVLS(1)
THEN 10UIT: =l
ILSE
BEGIN
VRITE(QUTPUT, 'LABEL? *);
READLN( INPUT, ANSWER) ;
1F C{ANSWER='*)IR(ANSVERa'DONE*))
THEN I1GUIT:»1
ELSE
BECIN
ANSWER: =COPY{ZONCAT(ANSWER, TENSTRING),1,10);
. IFC(ICONT=1)
THEN
BECIN
NODELABELILVL):=ANSWER;
SEEX(NODE, IRAY[LVL,0));
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e ' (¢ SECMENT PROCIDURE MODPRV =

RO NODEARRAYTODISK(LVL);
) ~ PUT(NODE)
’ END

EL8E

BECIN

£:=3-1FADD;
IPIND:=IRAYLLVL,0);
REPEAT
BECIN
NNODES : eNNODES +1 ;
IRAYILVL,IFADD]: «NNODES;
SEEK(NODE, IRAYILVL,0));
NODEARRAYTODISK(LVL);
PUT(NODE) ;
LVL :sLVLeL;
IRAYLLVL,0):aNNODES;

IF(Le0) THEN IRAYCLVL,13:=IRAYCLVL,1J41
ELSE IRAYCLLVL,3):s=1;

IRAYCLVL,23:u0;
IRAYLLVL,33:80;
IRAYCLVL,41:=1FIND;
IRAYCLVL,S):=IFIND;
FOR 1:=1 TO 2 DO ARAYILVL,11:w0;
TOR I:=1 TO NSYS DO VRAY(LVL,I):a0.0;
NODELABELILVZ]:=ANSVER;
SEEK(NODE, IRAYCLVL,0));
NODEARRAYTODISK(LVL);
PUT(NODE) ;
IFADD:e2;
IFIND: «NNODES;
L:e}
EIND
UNTIL(LVL)«NLVLS)
‘END -
END . o '
END : o - _ :
~ END - . :
UNTILCIQUITYO); : :
IP(LVLINDEEP) THEN NDEEP:aLVL; S | . |
END; (% END MODIEY #)

PUU
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- (¢ SECNENT PROCEDURE MODPRU @)
: ' (e ll.l|tllll.lll!l..ll.l!.lllll'll!l'llllllll.lllllll
) ®
l‘ - ’ BECIN SECMENT PROCEDURE MOLPRU .
. .
:': . ’ ..'l.l.l.'llll'.l.l!l.il!.l.lltllltllll!tllllll!lll ) .
- BIGIN
K IF(CNDa'PRU') THEN PRUNE
ELSE JF(CMDa'NOD') THEN MODIFY
END;
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: ) (s PROCRAM DASS =)

l - ' PROCEDURE STAT;
:. (' SRRERRERRAERNERERRRRRR N AR RRERQARNERRNERRERSERRRANPPRARANSRERARNNRY
V. N .
R
o *  PROCEDURE STAT * .
o * USE: PRESENTS INFORMATION ON THE CONSOLE CONCERNIMNG THE .
" . NUMBER OF NODES IN THE SYSTEM, THE NUMBER OF LEVELS o
il » IN THE SYSTEM, AND THE NUMBER OF ALTERNATIVES IN THE ¢
) ] SYSTEN. .
® CALLED BY: PROGCRAM DASS :
| ¢ ROUTINES CALLED: (mone) : .
. * VARIABLES: .
) USED: NNODES,NDLEP,NSYS (see UNIT DASBA) ]
* MODIFIED: CH (see UNIT DASSA) )
L] . . ) [ ]
CRRERAERRREARARARS LS RARARRANERNNRPPARNAGANNAEARANAERACETRERERERAE B)

BECIN

PACE(OUTPUT) ;

VRITELNCOUTPUT, 'NUMBER OF NODES ' ,NNODES);
VRITELNC(OUTPUT, *NUMBER OF LEVELS °,NDEEP);
VRITELN(OUTPUT, *NUMBER OF SYSTEMS ‘' ,NSYS);
VRITELN(QUTPUT) ; ‘
VRITELN(OUTPUT, ' (ARY KEY) CONTINVE');
REPEAT

UNTIL KEYPRESS;

READCCH)
END;
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::; (* PROCFAM DASS *)

:‘:‘: (8 SERRERERRAERRERSINRRRENNSRERERASSRRRRRRIRRURORRASAOAREUERENAS l
o ] ) [ :
R - . BICIN  PROGRAN  DASS . :
.::-.a :.l'l.l'.l..l'll..‘.'I.ll"'l"l'l..l'.'l......l"'l'l.ll.l.' '; » .
Ll BECIN

Y
L] -. .
e

COMMENTSTRING : sCONCAT(TENSTRING , TENSTRING , TENSTRING,
TENSTRING, TENSTRINC , TENSTRING) ;
LABELSTRING : sTENSTRING;
TLAC: o0; NSYS:=2; NFLAG:e0; NDEEP:s0;
IRAY(1,3):e2; CMD:=»'SEL’;DUMMY; : : 1

REPIAT

BCCIN

PACE (DUTPUT); : .

VRITELN.OUTPUT, 'ATT DIS DON MOD NIV NUM PRU REV SEL " ’ '
WRITELN(OUTPUT, 'SEN SPA STA SYS TTL WVC'); : ’
VRITE(OUTPUT, ‘OPTION? ');

READLN(INPUT,CHD) ;

I17(CMDa"ATT') THEN DUMMY

BELSE IF(CMDa'DIS’') THEN NUM

ELSE IPCCMDe*MOD*) THEN MODPRU

ELSE IFC(CMDa'NEW') THEN DUMMY :
ELSE IF(CHDa'NUM') THEN NUM :

ELSE IF(CMDs'PRU') THEN MODPRY

ELSE IP(CMDa'REV') THEN NUM

ELSE IP(CMDo'SEL') THEN DUMMY

ELSE IF(CMD='SEN') THEN SENSITIVITY

ELSE IF(CMD='SPA‘) THEN DUMMY

] ELSE IF(CMDs'STA') THEN STAT

———rmat I m———————————

A ‘- ELSE IT(CMD='SYS') THEN READSYSTEMLABELS

L L, BLSC IF{CMDe'TTL') THEN DUMNY

NCR : ELSE IF(CMD='WVC') THEN WVLOAD

A END .
LN UNTIL(CMDa'DON'); P
ber SEEX(NODE,0) ; L

! - CET(NODE); .

W VITH NODEA DO A .

by SEGIN o , - _

s RATIONALE:«TITLE; NOLETITLE: «LATT; ) L '
t;: CELLNUMBER: sNNODES; NRKDIGIT:«NDEEP; , '
g DOWNLINK:sNSYS; .  CROSSLINK:afLAG

END; . . :
SEEX(NODE,0); ‘PUT(NODE?; ’
CLOSE(NODE, LGCX); CLOSE(SYSTENMS, LOCX);

IND. ¢(* END OF PROGCRAM DASS *)
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